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ON THE DOUBLE CARBIDE OF HIGH SPEED STEEL 


By ARNE WESTGREN AND GOSTA PHRAGMEN 
Abstract 


By means of X-ray analysis the authors have proved 
the identity of the high speed steel carbide with octahed- 
ral crystals grown in blowholes of ferrotungsten. Laue 
and rotation photograms have shown that the crystal 
lattice of this phase is face-centered cubic; its elementary 
cube is probably occupied by 112 atoms. Several Fe- 
W-C melts have been synthesized in order to produce 
this phase, which is an iron-tungsten carbide, in a homo- 
geneous state but all attempts in this direction have 
failed, as melts of a composition approaching that of the 
high speed steel carbide have turned out to be peritectic. 
A microscopic investigation of these alloys as well as the 
X-ray crystallographic data and figures obtained through 
chemical analysis by previous investigators all show that 
the composition of the high speed steel carbide corre- 
sponds to the formula Fe,W.C. X-ray photograms of 
Fe-Mo-C alloys have proved the existence of an iron- 
molybdenum carbide analogous to that of the iron-tung- 
sten carbide of high speed steel. 


N examining an annealed high speed steel under the micro- 
scope the observer is struck by the fact that it contains a 
much greater quantity of carbide than a plain carbon steel of cor- 
responding carbon content. Already from this fact it is evident 
that the carbide in question cannot be cementite. Many attempts 


have been made to determine its true nature but so far with no defi- 
nite success. 





A paper presented before the ninth annual convention of the society 
held in Detroit, September 19 to 23, 1927. Of the authors, Arne Westgren is 
professor of general and inorganic chemistry at the University of Stockholm 
and Gésta Phragmén is associated with the Metallografiska Institutet, Stock- 
holm, Sweden. Manuscript received August 5, 1927. 
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By the old method of dissolving the iron phase of steel in di- 
lute hydrochloric acid and analyzing the remaining carbide powder, 
Arnold, in collaboration with Read! and with Ibbotson’ has tried 
to solve the problem. From the figures obtained they concluded 
that the carbide of high speed steel is a mixture of Fe,W, WC, 
Cr,C and in some eases also of Fe,C and V,C,. A magnetometric 
analysis of high speed steel, performed by Honda and Murakami’ 
led up to a confirmation of this conclusion. This very complicated 
result of Arnold and Read‘ concerning the steels high in tungsten, 
is somewhat surprising in view of the fact that the same authors 
found the carbide of molybdenum steels, sufficiently high in 
molybdenum, to consist only of the double carbide Fe,Mo,C. As 
will be seen in the following, the carbide constituent of high speed 
steel consists in fact entirely, or at least not far from completely, 
of an iron-tungsten carbide, analogous to the iron-molybdenum 
earbide of the molybdenum steels. 

Grossmann and Bain’ have also analyzed carbide powder which 
was isolated by electrolytic dissolution of high speed steel in dilute 
hydrochloric acid. The analytical data obtained by them, on the 
whole, agree with those given by Arnold and Ibbotson, i. e. the car- 
bon content was found to be only 2.3 per cent and the tungsten 
percentage somewhat above 60. From their analytical results 
Grossmann and Bain inferred that in an annealed high speed steel 
the entire content of tungsten and vanadium, but only about hal! 
of the chromium, is combined with the carbon as carbide, and that 
the carbide constitutes about 20 per cent by weight of the steel, 
i. e., about three times as much as the cementite in a carbon stee! 
of corresponding carbon content. 

Six years ago one of us obtained an X-ray photogram of an 
annealed high speed steel, which showed that this steel contains 
a phase which is neither an iron modification nor cementite®. It 


1Arnold, J. O., and Read, A. A., Proceedings, Institute Mechanical Engineers (London), 
No. 2, p. 223, 1914. 
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appeared as though this steel contained a characteristic carbide of 
its own. The same result was arrived at by Bain and Jeffries’ by 
means of X-ray photographs. In connection with a preliminary 
investigation concerning the iron-tungsten-carbon system we have 
recently penetrated somewhat deeper into the question regarding 
the constitution of the carbide in high speed steel. In the follow- 
ing will be given a short description of the results obtained. 


X-RAY ANALYSIS OF THE CARBIDE IN HIGH Spegep STEEL 





Fig. 1, I, is a powder photogram of an annealed carbon steel. 
Beside the interferences of alpha iron, there are some faint lines, 
originating from the cementite. Fig. 1, I], is an X-ray pattern of 
an annealed high speed steel (carbon 0.64 per cent; tungsten 17.2 
per cent; chromium 4.0 per cent; vanadium 0.55 per cent). A 
whole series of new interferences appear here, some of which are 
comparatively strong. An electrolytic dissolution of the steel in 
dilute hydrochloric acid gave as a residue a fine powder, of which 
the X-ray pattern in Fig. 1, III, was obtained. As will be seen, 
the iron lines have here completely vanished, whereas the other 
interferences in the X-ray photogram of the high speed steel 
appear with great intensity. 

The same line series as that seen in photogram III was ob- 
tained in photograms of ferrotungsten specimens with carbon from 
2 to 3 per cent. But on the other hand it did not appear in the 
X-ray patterns of carbon-free iron-tungsten alloys. Consequently, 
the phase which gives this series of interferences must be a carbide. 
As the line series neither corresponds with the photogram of cemen- 
tite nor with the X-ray pattern of any carbon-tungsten phase®, the 
phase in question cannot be cementite substituted by tungsten or 
any tungsten carbide substituted by iron but must be an iron-tung- 
sten carbide. Thus, it is a double carbide in the proper sense of the 
word, i.e. a carbide for the formation of which besides carbon atoms 
at least two other kinds of atoms are necessary. 

On the surface and in the cavities of some of the iron-tungsten 
specimens investigated, octahedral crystals were found of about 
0.5 millimeter size. Their powder photogram corresponds with 


iid Reiter ma hk oi: 


Bain, E. C., and Jeffries, Z., Iron Age, 112, p. 205, 1923. 


SWestgren, A., and Phragmén, G., Zeitschrift fiir Anorganische und Allgemeine Chemie, 
156, p. 27, 1926. 
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been investigated by Behrens and van Linge®. They found that per @ 
the composition of the erystals corresponded to the formula Fe... dend) 
They discovered also that the crystal powder contained a slight a 


pn. 155, 1894 


*Behrens, H., and van Linge, A. R., Recueil d. trav. chim. des Pays-Bas, 13, | 
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quantity of carbon but this was considered to be an impurity. It 
_ mainly on their statements that the view is based that there 
oxists a tungstide Fe,W, which until quite recently has played an 
mportant role in many explanations of the structure of tungsten 
s¢oels and ferrotungsten alloys’®. In reality, there is scarcely any 
Joubt that it was no iron-tungsten phase but the double carbide of 
high speed steel which the two Dutch investigators examined. 

An analysis of some crystals of this type, kindly collected and 
out at our disposal by E. Fornander, Sandviken, gave the follow- 
a. figures: W 69.4 per cent, Fe = 28.0 per cent, C = 1.1 per 
cent. Considering that these crystals had crystallized in a ferro- 
tungsten containing about 85 per cent W and 0.5 to 1.0 per cent C, 
and that they in all probability were not perfectly free from the 
melt in which they had crystallized, these values indicate that jron 
and tungsten are combined in the high speed steel carbide in pro- 
portions approximately corresponding to the formula Fe,W, (W: 
62.2 per cent). This conclusion is also supported by the analytical 
data mentioned above for the high speed steel carbide, obtained 
by Grossmann and Bain as well as by Arnold and Ibbotson. 

The prospect of obtaining a homogeneous melt of the high 
speed steel carbide therefore seemed most promising if an alloy of 
a composition approximately corresponding to Fe,W was melted 
together with a suitable quantity of carbon. Electrolytic iron and 
tungsten were therefore mixed in the said proportions, and were 
melted with varying quantities of graphite, in a vacuum furnace, 
using magnesia crucibles. 

As evidenced by photograms IV and V in Fig. 1, the alloys, 
containing about 2 per cent carbon, were found to consist principal- 
ly of high speed steel carbide. The alloys were examined micro- 
scopically and some photomicrographs of those containing most high 
speed steel carbide, are shown in Fig. 4. The composition of these 
alloys, determined by chemical analysis of Fe, W and C, is given 
in the caption of the photomicrographs. 

A distinct differentiation of the different structural constit- 
ents present in these specimens was obtained by tempering them 
‘oa blue or red color. An alloy containing 62 per cent W and 1.8 


percent C (Fig. 4, 1) shows the high speed steel carbide forming 
dendrite skeletons of almost one centimeter in size, the interspacing 


Engir a ‘ding to W. P. Sykes, Transactions, American Institute of Mining and Metallurgical 
vetor, a’. :0° Ps 968. 1926, the formula of the intermediate phsse appearing in the Fe-W 
1 be FesWe and not Fe.W. 
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61.7% W; 


Il. 63.6% W; 2.0% C 1V. 70.2% W; 1.9% 


Fig. 4—PHOTOMICROGRAPHS OF IRON-TUNGSTEN-CARBON ALLOYS 
Magnification 200 x. 


being filled by a fine-grained ternary eutectic of this carbide and 
two other phases. An inspection of the photograms taken in th 
focusing cameras showed that besides the lines corresponding to 
the high speed steel carbide also some faint interferences appeal 
belonging to alpha iron (to be scen also in Fig. 1, IV) as well a 
from another Fe-W-C-phase besides the one of high speed steel 
We have been able to obtain crystals of this last mentioned phase, 
crystallized in a ferrotungsten with about 85 per cent W and 0.0 





As it 
high 

sten 1 
high s 
doubl 
that 3 
rende 
Howe 
W an 
speed 
‘ente 
with 

solidi 
carbi 
nal « 
ast § 
and | 
We | 
Cryst 
We k 


perce 

















































DOUBLE CARBIDE OF HIGH SPEED STEEL 549 





vor cent CO. Laue and rotation photograms of one of these crystals 
ail that it had a trigonal, very complicated structure. As 
ts photogram corresponds neither with any Fe-W, W-C, nor with 
any Fe-C-phase, it too must be a double carbide of iron and tung- 
dual It appears more abundantly in melts of a lower carbon con- 
‘ent, and is thus poorer in carbon than the high speed steel carbide. 
As it further appears primarily crystallized in ferrotungstens of a 
nigh tungsten content, it seems probable that it is richer in tung- 
sen than the high speed steel carbide.” 

As the alloy in question has thus been found to consist of 
high speed steel earbide mixed with a slight quantity of iron and a 
double carbide poor in carbon, it seemed close at hand to assume 
‘hat a slight inerease in the carbon content would be sufficient to 
render a practically homogeneous melt of high speed steel carbide. 
However, as is to be seen from Fig. 4, II, an alloy with 62 per cent 
W and 2.0 per cent C contains no less than four phases. The high 
speed steel carbide grains are very large in this alloy but in the 
‘enter of some of them are to be found small, white crystal grains, 
with an aspect as if they had been attacked by the melt after the 
solidification. Between the big angular crystals of high speed steel 
carbide appear some lighter, irregularly shaped grains of the trigo- 
nal double carbide, poorer in earbon, and between these, as the 
ast solidified product, a ternary eutectic of the two double carbides 
and iron. The system seems to be peritectic on the carbide side. 
We have not yet been able to determine the composition or the 
‘rystallographie characteristics of the primarily solidified phase. 
We have only found that it appears more abundantly if the carbon 
percentage is still further increased. Further, from the faint lines, 
ippearing in the photograms, belonging to this phase we think we 
may be justified in concluding that we have here to deal with a 
third iron-tungsten carbide. 

ig. 3, IL shows a photogram of the last mentioned alloy. The 
ines are somewhat diffuse, owing to an uneven distribution of the 
‘ungsten content within the crystals of the high speed steel ecar- 
vide, caused by segregation. A comparison with the photogram 

the carbide powder isolated from the annealed high speed steel, 
Mig. 3, 1), however shows that the lines of the synthetic alloy are 









crystals we are indebted to Mr. E. Berg, Wikmanshyttan, whom we herewith 
ur cordial thanks, 
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ig this phase see further authors’ reply to written discussion, page 553. 
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displaced in the direction of smaller diffraction angles. 
meter of the lattice of the cubic carbide in the alloy is 11,08 4 
while the carbide of the high speed steel has a parameter of 11.04 A 

As the tungsten atoms are considerably bigger than the jp 
atoms, this difference in lattice dimensions implies that the earbide 
of the synthetic alloy is richer in tungsten than that of the hig) 
speed steel. Iron and tungsten atoms can evidently to a certaiy 
extent replace each other in this double carbide. Thus, if the cay 
bide phase of high speed steel possibly might be considered to be ay 
iron-tungsten carbide, in which some of the tungsten is substituted 
by iron, it seemed possible that melts of a somewhat higher tung 
sten, content with a suitable carbon percentage, would rendey 
a homogeneous high speed steel carbide. Iron was therefoy 
alloyed to tungsten, in proportions amounting to 65, 70 and 75 
per cent W, with different quantities of carbon. These alloys, hoy 
ever, at a rising percentage of carbon, also gave the same structure 
series as the above mentioned melts. In these alloys, richer ip 
tungsten, the primarily crystallized white phase of the peritectic 
alloys, as seen in Fig. 4, III and IV, even seemed to be present in 
greater quantities than in the alloys first produced. 

Although the attempts to make a melt, consisting only of hig! 
speed steel carbide thus have proved unsuccessful, it is evident from 
the alloys investigated that the carbon content of the high speed 
steel carbide must be about 2.0 per cent. The alloy containing 6? 
per cent W and 1.8 per cent C is poorer in carbon than the high 
speed steel carbide, and if the carbon content exceeds 2 per cent 
new phases appear, in all probability richer in carbon. When the 
carbon reaches 2.5 per cent the characteristic trigonal, very hard 
erystals of WC appear abundantly."* 

The high speed steel carbide seems thus to have a composition 
corresponding to Fe,W.C, (61 per cent C), ie. with one metal 
atom to six carbon atoms. As evidenced by the displacement o! 
the interference lines at an increased tungsten content of the allo) 
(Fig. 3) it is however clear, as indicated above, that to a cer 
tain extent iron and tungsten atoms can replace each other in this 
phase. Fe,W.C, which corresponds to the composition of the car- 
bide when in equilibrium with the iron phase, thus should repre 
sent only one of the limits of the homogeneity range. So far, We 
have not been able to determine the position of the other limt. 
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DOUBLE CARBIDE OF HIGH SPEED STEEL 


Possibly, it is not far from Fe,W,C. This supposition is supported 
hy the following facts. As mentioned above Arnold and Read" 
<olated a carbide powder from a molybdenum steel of a high 
»olybdenum content, and found that its composition corresponded 
. the formula Fe,Mo,C. X-ray photograms of Fe-Mo-C-alloys, 
obtained by us, Show that the iron-tungsten carbide of high speed 
steel has its analogy in an iron-molybdenum carbide of the same 
rystal structure. 

: If we look upon the alloy richest in high speed steel carbide, 
viz. the one containing 61.9 per cent W and 2.0 per cent C as an 
approximately homogeneous high speed steel carbide, we might 
from its density (12.0) and average atomic weight, (86.9) calcu- 
late the number of atoms per elementary cube, arriving at the num- 
ber of 114. (The absolute weight of an atom with an atomic weight 
of 1 being 1.65 X 10°* grams). As the lattice is face-centered 
the number of atoms, in the elementary cube must be a multiple 
of 4. The numbers of this kind, approaching nearest to 114, are 
116 and 112. As the constitutional atom group is one fourth of 
this, it would consequently comprise either 29 or 28 atoms. The 
former number is improbable, as it would mean that the formula 
of the high speed steel carbide should embrace 29 atoms. The lat- 
ter number on the contrary is well compatible with the supposed 
formuia Fe,W,C, as it must be considered to be quite plausible 
that the elementary cube contains 16 such groups. 

This investigation has thus not led to any definite determina- 
tion of the formula of the high speed steel carbide. It may however 
be considered certain that all the carbon, or at least by far the 
greater part of it, (vanadium may possibly form special carbides) 
is present as an iron-tungsten carbide, the composition of which 
closely corresponds to the formula Fe,W,.C. 

In this phase some of the chromium probably enters as a sub- 
stituent for iron or tungsten, or for both of these metals. It is 
interesting to note that tungsten and carbon are combined in this 
double carbide in about the same mutual proportions as in the high 


speed steel, which generally holds about 0.6 per cent C and 17 to 18 
per cent W. 


This report is only of a preliminary nature, and we hope in 
the future, through continued investigations on the Fe-W-C, and 
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the Fe-Mo-C systems, to be able to contribute further to t] 
of the carbides present in tungsten and molybdenum stee 


SUMMARY 





An X-ray crystallographic investigation of the early, 
stituent of high speed steel has shown that this entirely, o1 
mostly, consists of an iron-tungsten carbide, which is neither ay 
substituted tungsten carbide nor a tungsten substituted cement: 
but a double carbide in the proper sense of the word. It has a | 
centered cubic crystal lattice, and probably there are 112 aton. 
in the elementary cube. The edge of the elementary cube is 11.04 \ 
Attempts to make synthetically an alloy, consisting ep; 
of this high speed steel carbide, have failed but almost homovene: 
melts have, however, been produced. The microscopic invest; 
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of these, the X-ray crystallographic data as well as informatio 
gained through chemical analysis by Arnold and Ibbotson. Gross 
mann and Bain, and others, have shown that its composition corr 
sponds to the formula Fe,W.C. In this phase iron and tunegste 
atoms can replace each other to some extent. “Thus, the for 
Fe,W.C only denotes the limit of the homogeneity range on {! 
iron side. 

An analogous iron-molybdenum carbide corresponds to this 
iron-tungsten carbide. 

We are much indebted to the Swedish Ironmasters’ Association 
(Jernkontorst) for having financially supported our work, and 
we also beg to thank Gimo-Osterby Bruks A. B., Dannemora, who 
has kindly put material at our disposal. 


DISCUSSION 


Written Discussion: By Zay Jeffries, Cleveland. 

Those interested in steel are indebted to the authors for another im 
portant contribution. In Jron Age, September 27, 1923, there was published 
an article by E. C. Bain and the writer, entitled, ‘‘Cause of Red Hardness 
of High Speed Steel,’’ in which it was stated that only one intermetalll 
compound, as evidenced by X-ray crystal patterns, existed in annealtc 
high speed steel. We did not work out the specific structure of this cou 
pound but it is interesting to note that the pattern was the same as the 
one that the present authors obtained. It is an important addition to ow 
knowledge to have the specific structure of this compound and to col 
firm the observations of Mr. Bain and the writer, that onl) 



















DISCUSSION 


ompound seems to be present in annealed high speed steel. Our 
ns to the conclusion that other compounds, particularly, Fe,C, 
m at room temperature and at temperatures up to say 450 to 500 
es Cent. after quenching, but that the double carbide containing both 
and tungsten was so stable that when the tungsten atoms could 
‘+ formed to the exclusion of or even with the elimination of any 
‘intermetallic compound, It would be interesting to have the authors’ 
vg on this point. 
[t is a further important addition to our knowledge to have the 
-mula of the double carbide in high speed steel so definitely determined. 


bein and the writer assumed that chromium and vanadium might replace 


ther tungsten or iron to a certain extent without changing the type 
either g 


ervstal lattice. The present authors’ experimental results showing the 
same type of erystal structure with and without chromium and vanadium 
strongly suggests this possibility. 

Since Mr. Bain and the writer offered the views regarding the cause 
red hardness of high speed steel, Mr. Sykes has shown that the precipi 
tion of Fe,W, from a supersaturated solution of tungsten in iron takes 
ace only very slowly at about the temperature which was suggested as 

the lowest temperature at which tungsten atoms could diffuse in iron. Mr. 
Svkes obtained critical dispersion of Fe,W, which was accompanied, not 
nly with great hardness at room temperature, but also at red heat. This 

m of Mr. Sykes is evidence that a fine precipitate of hard particles 

produce red hardness. It is also in line with the suggestion that a 

precipitate of the double carbide forms at a dull red heat in quenched 
gh speed steel. The new results of Westgren and Phragmen reported in 

present paper, offer still further evidence that the above conception is 
ibstantially correct. The essential difference between Sykes’ carbon-free 
naterial and high speed steel in the red hard condition is that in the carbon 
ee material of Sykes, the alpha iron grains are large and in high speed 
teel the alpha iron grains are small. It would be interesting to have the 


thors’ views on this subject. 


Authors’ Reply to Written Discussion 


We are indebted to Dr. Zay Jeffries for his having raised a point in the 
uscussion that was not perhaps sufficiently clearly elucidated in our paper. 
The carbide powder isolated from a high speed steel only giving inte: 
es corresponding to the cubic double carbide, may not be considered to 
proof that this substance is the only carbide phase present in the steel. 
carbides may eventually occur. If their symmetry is low or if they are 
present in small quantities, their lines cannot be expected to show up in the 
photograms. Thus, our photograms do not disprove the possibility of cementite 
ting present in the carbide powder of annealed steels to a slight amount of 
say 10 per cent or less. The hypothesis of Mr. Bain and Dr. Jeffries that 
mpounds, particularly Fe,C, might form at the tempering of quenched 
1 speed steel may perhaps be tested by dividing the carbide suspension 


partial dissolution of the steel into fractions of different sedi- 
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mentation velocity. Eventual cementite grains might then be co) 
the lighter fractions and identified by X-ray analysis. 
We are in accord with Bain and Jeffries that one of the main ¢: 
red hardness of high speed steel possibly is to be sought in the 
of a fine precipitate of double carbide in the steel. 
We are glad in this reply to the discussion to be able to give fy, 
information concerning one point in our paper. We stated that the 
melt of lower carbon content beside the cubic carbide and iron also contajy, 
a third phase, which we believed was another iron-tungsten carbide. If ; 
phase is identical with the trigonal crystals we had found in ferrotungste 
high tungsten and low carbon content, it is, however, an iron-tungsten phasi 
as recently proved by H. Arnfelt at Metallografiska Institutet of Stockho) 
Mr. Arnfelt has found that the Fe-W system contains at least two int, 
mediate phases. One is hexagonal, containing 12 atoms in its unit cel 
chemical analysis of this phase, isolated in a pure state, has proved 


SU 


[€@) 


formula to be Fe,W. This seems to be the only intermediate Ke-W phas 
stable at ordinary temperature. Another iron tungstide is found in the form 

thin crystal plates in Fe-W melts holding about 50 per cent W. It is identica 
with the trigonal crystals, mentioned above, found by us in ferrotungste: 
It has a highly complicated structure. Mr. Arnfelt is now trying to deter 
mine its elementary dimensions and to determine, under which conditions it 

stable. 
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ON THE THEORY OF HEAT 
By Henry LE CHATELIER 


Abstract 





In this discussion of the theory of heat, the author 
covers the problems of suitable heating—the supplying 
simultaneously of the required amount of heat and the 
temperature necessary for carrying out the contem- 
plated action. Also the cost of heating—fuel, labor 
and maintenance, which is exactly proportional to the 
consumption of calorific energy. 

He points out that there are many factors wlhach 
play an important part in heat theory, for instance, 
the transfer of heat and its utilization are controllable 
by the laws of energetics, also the effect of passwe re- 
sistance and conditions of reversibility. The different 
types of perfected apparatus are explained, particu- 
larly the shaft furnace, with its cwrrent gases, and the 
burning of quartz is followed through. The importance 
of an even distribution of temperature within the fur- 
nace and its necessary limitation as applied to the melt- 
ing cupola, 











| ET us first state the problem of heating: Suitable heating of 
4 a certain material is to be obtained at a minimum cost, using 
a given source of heat. Examples: Vaporization of water in a 















boiler, melting of metal, burning of lime ete. In every case the 
heating process is to supply, simultaneously, the required quantity 
of heat and the temperature necessary for carrying out the con 
templated reaction. For instance, in the manufacture of lime, 
the burning of 1 kilogram of calcium carbonate, say 10 moles, will 
require at least 400 calories available at a temperature of 1650 
degrees Fahr. (900 degrees Cent.) or more. 

The most important elements of the cost of heating are 
primarily those pertaining to the direct cost of generating heat. 
They are the cost of fuel, or any other analogous source of heat, 
then the cost of labor, amortization, and maintenance of the heat- 
ing equipment. These expenses are sensibly proportional to the 
‘ost of generated heat. With regard to the general cost we may, 
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therefore, safely admit that the cost of a heating opel 













actly proportional to the consumption of ealorifie er, 
better the latter is utilized, the lower will be the cost 
Consequently, the problem of heating is essential] 
of efficiency. When consuming a certain quantity of heat ob 
from sources which nature has placed at our disposal, th, 
consists in using it to the best advantage, in heating with it +), 
largest possible quantity of material which we desire to so trea: 
A simple example will illustrate that the efficiency may vary wit) 
in very wide limits, depending on the method of operation en 
ployed. 


Suppose that we desire to sterilize a liquid of ; 


4 


similar to that of water, briefly called an aquaeous |i 
heating it up to 70 degrees Cent., or more, while having 
disposal 1 kilogram of water at 100 degrees Cent. as the ent 
souree of heat. Let us first consider mixing the hot water wit 
the cold liquid, or, what amounts to the same, permit the equal 






tion of temperature through interchange of heat to take plac 
across a heat-conducting wall which separates the two liquids at 















rest. This would enable us to heat 500 grams of the aquae 

liquid from the room temperature of 10 up to 70 degrees Cen 
If we apply, however, a methodical heat interchanger, allowi 
the liquid which is to be sterilized to enter it at the bottom o! 
the tubes, and the hot water to enter the apparatus at the to 
between the tubes, then this water will be cold when leaving ai 
the- bottom, while an equal weight of the liquid which is to 

sterilized, say 1 kilogram, will be at 100 degrees Cent. when it leaves 
at the top. The latter method of heating will, therefore, have bee! 
far more advantageous. By passing through the tubes 1.5 kil 
grams of the liquid which is to be sterilized for each kilogram 


of hot water, the former will attain the desired temperature 0 
degrees Cent. When using the temperature interchanger, tl 
efficiency will, therefore, be three times higher. This examp! 
sufficiently explains the interest presented by the study of the 
different methods of utilizing heat. 







Tue LAWS OF ENERGBPTICS 






The transfer of heat and its utilization are controlled by ™ 
laws of energetics. The deliberations of Sadi Carnot on the m 
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eal power of heat are equally applicable to its calorie power. 
Lord Kelvin has pointed out that the operation of heating accord 

to a perfectly reversible process will render a maximum 
jorific efficiency. For the heating of residences he proposed that 

» ordinary stove, which gives an amount of heat at most equal 
‘ that generated by the combustion of the coal, be replaced by a 
machine describing a Carnot cycle, and which raises the tempera- 
we of the air taken from the outside by about 15 degrees. We 
could thus obtain 18 times the amount of available heat liberated 
y the used fuel. In actual performance we would hardly obtain 
-_ than twice the amount of heat furnished by coal, on account 
‘ nassive resistances which considerably reduce the efficiency of 
thermal machines. Furthermore this would necessitate the use of 
very expensive machines and still more burdensome labor, so that 

ie more economical to burn an excess of coal and to keep the 
rdinary stoves. 

Starting from the same principles, however, Sir William 
Siemens brought into actual being a system of heating, the so- 
alled recuperation, which has revolutionized all industries using 
ch temperatures. At present the steel and glass industries em- 
ploy exclusively Siemens’ recuperative stoves. At the beginning 
of his career this scientist worked on the improvement of hot air 
engines whose efficiency could notably exceed that of the steam 
engines, conforming to Sadi Carnot’s theory. In the latter en- 
vines, the rapid increase of the steam pressure prevents the heat- 
ng of the boiler to a very high temperature. When using gases. 
on the contrary, this is easy. 


The efficiency of the engines, however, depends not only on 


he difference in temperature of the two sources, but also on to 
how perfect a degree the operations are reversible. This reversibil- 
Fy 


y is the more perfect the nearer the temperature levels of the 
odies between which the temperature interchange takes place. 


pon this principle is based the sheet metal recuperator proposed 
Nricson and used by Siemens. Unfortunately, it is not possible 
use this method beyond the point of oxidation of ordinary iron 


copper sheet metal. This difficulty put an end to Siemens’ 
endeavor 


7)" 
L 


He then conceived the idea that the use of recuperators in 
onnection with heating apparatus would improve the calorific 
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efficiency in the same way as they improved the eftic 
gines. Unfortunately, Siemens’ publications dealino 
scription of his stoves show a lack of thorough theor 
sion. It is difficult to determine whether he was guide 
considerations of analogy, or whether he delved deep 
theory of the phenomenon. At any rate, for practical ) 
scored a remarkable success. 

I wish, at this point, to elaborate on the exact general theon 
of heat and to show to what extent the interchange of heat is 
governed by the laws of energetics. In order to accomplish this. 
it is necessary to begin by defining the conditions of reversj)jjjt, 
and to study them separately from the passive resistances. Al. 
though, in practice, we cannot eliminate the passive resistances. jt 
is still highly interesting to study real phenomena mental) 
stripped of adherent passive resistances and to separate the latte 
from the active forces. The application of Descartes’ princip| 
of division: ‘‘Divide every difficulty into as many parts as pos. 
sible....... ’? is always profitable. 
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PASSIVE RESISTANCES 





In each form of energy the passive resistances assume a special 
attitude and require a particular examination. ‘They present 
analogies, of course, but also show important differences. Sadi 

° Carnot compared the utilization of heat dropping from a high 
temperature to a lower temperature to the fall of a body of wate 
dropping from a high level to a lower level. In the case of water 
the passive resistances attach to the viscosity of fluids, their in 
tion against the walls of containers, and to the loss of kinet 
forces due to abrupt changes in velocity. In the case of heat, th 
thermal conductivity, or to be more exact, its reverse, 1. e. the 
resistance to the passage of heat, plays a part quite analogous 
to that of the viscosity of fluids; it causes losses in motive power 
and thus reduces the efficiency of the heating operations. 

Moreover, this thermal conductivity plays another altogether 
different and not less harmful part: It causes external heat losses 
across the walls of the apparatus, and inside the apparatus !! 
causes irreversible drops of heat between regions of different 
temperatures. This cause of waste does not exist in our hydraulic 
machines, because their walls consist of iron, a metal impermeable 

to water, but it would likewise occur if we should use walls 0! 
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porous mineral which allows water to escape, in the same manner 
< heat escapes through the walls of the furnaces. 

| When, in the preliminary study, we try to abstract the heat 
‘rom the passive resistances, we meet with a peculiar difficulty 
-egulting from the double part played by the thermal conductivity. 
On the one hand we must assume that the thermal conductivity 
. infinitely great between the heating body and the heated body, 
‘1 order to do away with the resistances offered to the interchange 
of heat. On the other hand we must assume it to be equal to 
naught in the furnace wall, or between the different regions of the 
came furnace. In the instance of shaft furnaces, this leads to the 
paradoxical hypothesis of an infinitely large conductivity in the 
horizontal direction and the conductivity zero in the vertical. 
These are unattainable extreme conditions, but they may be ap- 
proached more or less, and thus the efficiency may be increased. 
In the ease of a 10-meter high lime kiln charged with bricks of 1- 
decimeter size, it is obvious that the heat interchange between 
the hot gases and the bricks occurs more rapidly than between the 
horizontal cross sections which are separated by the entire height 
of the kim. If the kiln were charged with bricks of the size of 
srains of lead, we would attain an infinitely large horizontal con- 
ductivity, but then no mechanical circulation of the gases would be 


possible. 


SHAFT FURNACE 


In continuation of our discussion of the theory of heat, we 
shall, at this point, make the subject of our study the most per- 
tected apparatus, whose efficiency is the highest but whose opera- 
tion is also the most complicated: The shaft furnace, i. e. lime 
Kilns, blast furnaces, cupolas for melting ete. Diagrammatically 
these apparatus may be represented by a vertical cylinder at the 
top of which there constantly arrives the solid materials to be 
treated ; limestone, iron ores, fuel, ete., while the finished products, 
lime, iron, slag, leave at the bottom in a similarly continuous man- 
uer, Simultaneously, a current of gases passes through the ap 
paratus in the opposite direction. Hot gases, or merely a current 
of air, enter through the base, and the products of combustion, the 
‘umes, leave by the top. In these apparatus, the hot gases enter- 
ing through the base meet the materials heated in the higher parts 
of the furnace by already chilled gases, so that the difference in 
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temperature between the heating body and the heat, 
everyWhere reduced, and we thus approach condition: 
reversibility, where the interchanges of heat will oc 
bodies of equal temperature. 





This increases the ecalori(i 









of these apparatus, the maximum efficiency corresponding jo 
plete reversibility. 


CALCINATION OF QUARTZ 


We shall study here the different types of shaft furnaces 
at first disregard the passive resistances. 


anu 


We shall start with th 
Let us consider first the case of the burning 





simplest cases. 


0] 









quartz, an operation used in the ceramie industry to facilitas, 
the crushing of quartz. Let us assume that the combustion of th, 
coal takes place externally in the alendiers, while the hot comby 
tion gases enter by the base of the shaft furnace. 










Let P be the mass of solid materials passing throug! 
cross section of the furnace in the unit of time, 
C be the average specific heat of their unit 
gram or mole), 
T be their temperature in degrees Cent., 
<2 being the entrance temperature at the top of the fun 
and 





the end temperature when leaving at the base of the furn 


Let the corresponding units for the gases be: p, ¢, t,, and t 

















for the masses, specific heats, and temperatures. Since the gases 
enter by the base of the furnace, t, corresponds to the tempera 
turé at the base, and t, to the temperature at the top of th 
furnace. 

The problem to be solved consists in determining the law 0 
temperature distribution in the furnace and, in particular, the end 
temperature T, of the finished material and the end temperatur 
t, of the fumes, both as functions of the given quantities of th 
operation, viz. the masses P and p, the specific heats C and e, and 
the entrance temperatures T, and to. 


TEMPERATURE DISTRIBUTION IN THB FURNACE 


If we assume, in order to eliminate the passive resistances 
that the heat interchange between the two currents of matter 0 
curs very rapidly, or even instantaneously, we must conclude 
that the materials passing through one horizontal furnace cros 














ection 
same tem] 
ferent ero 
; energs 
the LWO 
from any 

stated 

The 

obta 
nasses Fre 
y well d 
5 indepe 

Let 
two Sect 
the init 
with the 
material 


of meltu 


We will 


In 
nm cal 
lempera 
lhe hes 
top or 
temper 
10 cons! 
lions 0} 
sive ch 
homent 


ve wil 


neces 
Tr OV 
elude 


CTOsSsS 


ON THE THEORY OF HEAT 561 


ection opposite directions, vases as well as solids, have the 
ame temperature. Let T, and T, be the temperatures at two dif 
eal eross sections. Now let us apply the principle of conservation 
onerey to the heat interchange which may possibly occur between 
tha two sections. In an actual case where there is no interference 
‘om any mechanical or electrical phenomenon, this principle may 
stated as follows: 
“The sum of the quantities of heat absorbed or liberated, 
obtained from or imparted to the outside—, by a system that 
seg from an initial well-determined state to another state equal 
» well determined, depends only on these two extreme states, and 
. independent of the intermediate states passed through.”’ 
Let us mentally isolate the volume of the furnace between the 
‘o sections with temperatures T, and T,, and let us assume that 
the initial state be that of the materials entering the above volume 
with their actual temperature, and as the final state that of the 
materials leaving the same volume and reduced to the temperature 


f melting ice, say 0 degrees. 


We will then have: 
PCT, + pcT, PCT, + pcT, 


(PC pe) CT, xe 0 (1) 


ln the general case, where PC is different from pe, this equa- 
lion can only be satisfied for: T, T., which means that the 
temperature is uniform from the base to the top of the furnace 
(he heat interchange then takes place at the free surface of the 
' or the bottom of the furnace. The thickness of this zone of 
‘emperature change is infinitely small of the first order. We have 
‘0 consider it as formed by the superposition of infinitely thin sec 
tions of the second order, in which sections take place the sueces 
‘ive changes of heat necessary in the reversibility of the phe- 
nomenon. This uniformity of heat is a very important fact which 
ve will have to use in the following. In the case where the 
specific heats of the two currents of matter are equal to each other, 


t? 


e distribution of the temperature in the furnace is indeterminate. 


KNp TEMPPRATURB OF MATERIALS 


the application of the principle of conservation of energy 


tO the 


initial state of the materials before their entrance into 
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the furnace and the final state after leaving it, fury) 
mental relationship between the temperatures at w) 
currents of materials passing through the furnace les 
relationship is, by the way, independent of the reve; 
consequently of the hypotheses based on the thermal coy, 
This relation is: 


PCT, + pet, = POT, + pet, 


which can be put in the form: 


T's ta 


if we make: 


The ratio of © to © 1s therefore the inverse of the 
PC to pe. 

We can represent the equation (2) graphically by a strai 
line that cuts the axis of the abscissae T, at the point © and the 
axis of the ordinate t, at the point ©. This straight line neces 
sarily passes through the point defined by the co-ordinates co’ 
responding to the initial temperatures: T, T,, and t te. 

The Figs. 1, 2 and 3 relate to the cases where pe is large! 
equal to, or smaller than PC, the straight line being inclined 
an angle of 45 degrees for the case of equality. 

All the temperature couples corresponding to each point 
the straight line satisfy the principle of the conservation of energ 
but only one of these points can be effectively used. In order | 
determine it, it is necessary to interpose a new law which ma) ae 
be regarded as belonging to the principle of the dissipation 0! onditior 
energy, but shall rather be considered as an empiric, independent seful p 

We 


hamely | 


law: 


‘‘Tn all exchanges of heat caused exclusively by conductivil 
convection or radiation,—i. e., In absence of all mechanical, e! imitatio 
. . cee : a hy t 
trical or chemical phenomena—, it is impossible to heat a bod) hizher 


fhoan 


a higher temperature or to cool it to a lower temperature the furn 
that of the hottest or coldest body of the initial system takes pli 
According to this law, the only useful part of the stra a 


Le; 





ON THE THEORY OF HEAT nes 
«the segment AB within the rectangle formed by the follow- 
r four CO ordinates : 


r, 7. s<.  Se t. , and = tn Tee 


We might mention here that every natural system deprived 


* passive resistances tends toward the state corresponding to the 


T, t, io 9 


Fig. 1-—-Graphic Representation of Equation 2 Where 
is Larger Than PC, 


Ip pe< PC { 


SS eS SS em om owe 


t 


Fig, 2—Graphie Representation 
{ Fquation 2 Where pe is Equal 
‘ PC 


Fig. 83-—Graphic Representation 
of Equation 2 Where pe is Smaller 
Than PC, 
greatest expenditure of motive power and prove that under actual 
onditions this final state corresponds to the lowest point of the 
selul part of the straight line, viz. the point B. 

We can reach the same conclusion by a simpler reasoning, 
namely by applying to the interior zones of the furnace the law of 
imitation of temperature: At no point can the temperature be 
ligher or lower than that of the hottest or coldest body entering 
ie furnace, it always being understood that no other phenomenon 


lakes place in the furnace with the exception of direct exchanges 
. 
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Let a horizontal cross section of the interior of 
have the temperature T,. Now let us apply the princip| 
conservation of energy to the materials passing throuch {he 
between this cross section and the top or the bottom of the { 


When 


Top of furnace. Bottom of 
PCT, + peT, PCT, + pet, PCT, + pet, 
Te 


”) 


by placing: 


PC pe 


Let us draw the straight lines representing these equation 


(Figs. 4 and 5) and at the same time prolong the axes of the o 
dinates in Figs. 1 and 3. The lengths starting from the origi: 
of the ordinates and away from the origin may be considered as 
positive in each quadrant. The upper quadrants refer to the to 
of the furnace (equation 3), the lower quadrants to the botto 
of_the furnace (equation 4). 

It is necessary to distinguish two different cases accord 
to whether PC is larger or smaller than pe. ‘This difference re 
sults in a change of direction of the slopes of these straight 
lines. We will finally draw, in each of the quadrants, the ordinates 
corresponding to the temperatures of the two materials at then We 
entrance into the furnace. The squares thus obtained limit th 
conceivable temperatures. 

When PC is larger than pe, the straight line (equation 3) 's furnace. 
completely outside the square, except for a single point of th point of 
straight line coinciding with an apex of the square. his is th 
only one conceivable. Therefore, if PC is greater than pe, this 
leads to the equation: 
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When pe is greater than PC, the straight line (equation 4) is 





















of ¢] ompletel; outside of the square, except for the single point of 
olun ic ine coinciding with an apex of the square. This is the only 
rl 
aw a een eee Bow 
| 
| 
! 
| 
| 
! 
{ 1 
lAtIONS Be eke ee ee ere eas enen 
he 
orig 
red as 
he ° . ° ry 
onceivable point and leads therefore to the equation; 'T’, t,, for 
Mw) a 
pe is greater than PC, 
In every case the solution of the problem is therefore given 
Ol 
, by the point B, i. e. by the lowest point of the straight line. 
ice re 
raigh ad * : 
ies HE TEMPERATURE INSIDE THE FURNACE 
then ‘ : : 
We have previously established the fact that the temperature 
t t} ea 2 Sis ° . 
ut Suniform inside the furnace, while the exchanges of temperature 
| ecir in the infinitely thin sections of the top or the bottom of the 
a) Pen an . : - , . ‘ 
sgl ‘lirmace. It is therefore sufficient to know the temperature at any 
)f th y . . . ‘ . . . 
rf pont of the furnace. Equations (3) and (4) give immediately 
IS I if an « > . . . 
| al answer if we substitute the just determined values for T,, and t,: 





For PC > pe : T, = T.. 
for pe > PC : e wes 





To summarize: When the specific heat of the solid materials 
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is greater than that of the gases, then the end tempe: 
gas and that of the entire furnace are equal to { 
temperature of the cold solid material. This mea) 
furnace is cold over its entire height. The temperatur, 
the hot solid materials leave at the bottom of the fun 
by equation (2) if we substitute T, for t,. This means 
PC > pe we have: 


mn 
r, t, 


If, on the contrary, the specific heat of the current of 


Vases 


is greater than that of the current of the solid materials, then ¢), 
temperature of the solid materials at the base of the furnace and 
that of the entire furnace are equal to the entrance temperature » 
the hot gases, which means that the furnace is hot over its entir 
height. The temperature of the gases on leaving at the top of 


furnace is given by formula (2) by substituting t, for T,. W 
have then: 


For pe > PC ; T+ =— re =to, and te 


THe MELTING CUPOLA 


Let us assume that we wish to melt iron in a cupola by 
mitting at the base hot gases from the combustion of coal burned 
in an independent furnace. The problem differs from the preced 
ing one in the following circumstances: At the moment of melting 
there occurs an absorption of latent heat which adds itself on t 
the heat absorbed in the course of simple heating, the latter heal 
depending only on the specific heats. In addition the melting 
process introduces a supplementary and very important condition 
The heat necessary for melting must be supplied at a temperatur a 
which is at least equal to the melting temperature. Finally th 
melting causes a third zone of discontinuity in the furnace whi! 
is added to those at the point of entrance and leaving of the ma 
terials (Fig. 6). 

In the interval between the zones of discontinuity the temper 
ture is uniform for the reasons stated above and equal to that 0 


heat in 

precedin 
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the hot gases arriving from the lower zone or that of the sole 
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materials descending from the upper zone, according to 
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je heat of the current of gases, pe, is larger or smaller 


ut sper . . 

than the specific heat of the current of solid materials, PC. In 
han th 

to simplify writing without changing the line of reason- 


wier 








lot us admit that the heated material has the same specific 
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Itir heat in the solid state as in the liquid state. We shall retain the 
elting : . : 
: preceding designations for the entrance temperature of the ma- 
Ott 
eh terials, namely T, and t,, and for the end temperatures: T, and t,. 
ate inally let Q be the heat of melting per unit of mass, T, be 
Cluille : 
litior the Turnace temperature above the melting zone, and T, be the 
rat ‘urnace temperature below the melting zone. 
ly tl Let us finally give specific values to the following data: 
wh 
i ', = O, te = 2000 degrees, pe = 2PC, Q 100C 
' the diagram of the curves has been drawn with these data 
nperad : 
hat As before we shall apply the principle of the conservation of 
lal ' 5 
lid CHET SV to the entire furnace, then to the passage through each 


e of discontinuity, successively. 
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Entire furnace. 
T, 


ta 
PCT, + pet, + PQ | PCT, + pet, + PQ 
a a oy PC wets, ” aoe 


pe 
Tn tn 


3900 1950 


The straight lines representing this equation (Fic 
the same angle of slope as if there were no melting. 


SNOWS 


With the 
increase of the melting heat it is shifted lower parallel to itself 
At the same time the low point B on the parallel to the axis of ¢] 
ordinate at the distance t, in the case of pe is greater than P 
moves downward and may pass on to the parallel to the ay 
of the abscissa at the distance T, 
and pe is less than PC. 


9 


as in the case of no meltino 


] order 
Bottom of furnace. 
T, 
pcto 
~ 
Ts 7. 


4000 4000 


The equality of the two denominators is the outcome of th 
particular value chosen for the ratio of pe to PC. 


3. Melting zone. 


In| 
lelting 
reality : 

7 he ten 
4. Top of furnace. ss 
T, LUSION ( 


V" * ecomes 
PCT. 


ial " ' ters, | 
pe — PC : 


height, 


T, : 2t,, 


In order to represent these four equations let the axes of te 
co-ordinates divide the plane into four quadrants, and let 
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neider in each quadrant all values away from the origin as 






Two conditions limit the temperatures. They must at no point 
eed that of the hottest entering material, or the 2000 degrees 
‘ont. of the gas temperature, further the temperature above the 
elting zone must be at least equal to the melting temperature of 
on, or 1200 degrees Cent. In the present example, using the 
lected data, the second condition is amply satisfied. When 
olving the equations we find that the molten iron leaves at 2000 
ieorees Cent. and the hot gases at the furnace top at 950 degrees 
ent. The condition referring to the melting temperature comes 


nto play if the line (7) is displaced in such a way that the 
Jue of T, corresponding to t, falls below 1200 degrees Cent., or, 
» the graph, it passes to the right of the point for 1200 degrees 
Cent, A simple ealeulation shows that the condition necessary 
order to obtain melting is given by the nonequation: 


PQ 


pe — PC 







herein T, stands for the melting temperature of the substance 
question, 
In the case that the above nonequation is not satisfied, only 
part of the solid substance will melt. The proportion x thus 
melted is given by the equation: 













xPQ 


pe — PC 





In order to facilitate the reasoning, we have supposed that the 
nelting zone is somewhere about the middle of the furnace. In 
reality its position is not arbitrary; it is completely determined by 
e conditions of the problem. In the numerical example chosen, 
ite temperature T, being considerably greater than that of the 
‘usion of the iron, the melting zone will rise progressively until it 
vecomes identical with the top zone where the solid material en- 
ers. In this case again, the furnace will be hot for its entire 









PARALLEL Co-ORDINATES 


We have used common rectangular or Cartesian co-ordinates 
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for the geometrical representation of the equations \ 

the principle of the conservation of energy. Paral], 

graphic co-ordinates permit, however, an easier discuss 

different problems presented in the study of shaft furn: 
Let us recall the principle of these two geometric rey; 

tions. Let us take an equation of the first degree 

variables x and y in the form: 


In parallel co-ordinates this equation is represented by 4 
straight line that intercepts the x-axis at a distance a from th 
origin, and the y-axis at a distance b. 

In parallel co-ordinates this equation is represented by , 
point. Assume two parallel axes and one of their common per 
pendiculars the base of which determines on each axis the origi 
of x and y. We determine the point by going on the x-axis a 
distance a and on the y-axis a distance b, then we join the ex 
treme point of each of these segments to the zero-point of the other 
axis. The intersection of these two lines gives the point desired. 
Every straight line which passes through this point intercepts 
the two axes at points having such distances x and y from thie 
perpendicular as will satisfy the above equation. 

Fig. 8 thus represents the equations for the cupola with the 
numerical data used in the above example. 

The representative point for the bottom of the furnace 1s 
located at B, for the melting zone it is at infinity in the diree- 
tion of the line FF’, and finally for the top of the furnace it 1s 
at H. 

In order to determine the temperatures of the different zones, 
we start with the temperature T, at which the materials leave 
which we know to be equal to that at which the hot gases enter, 
say 2000 degrees Cent. Joining point T, and prolonging the line, 
we get point T,, likewise at 2000 degrees Cent. Through T, we 
draw a line parallel to FF’ and we find for T, the temperature of 
1900 degrees Cent.; finally, joining T, and H we find t, = 90 
degrees Cent. as the temperature at which the hot gases leave. 

Suppose that we now propose to find such an entrance tet 
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1Q98 
Lv = 


perature of hot gases as would be just sufficient to cause the com- 
slete melting of the iron, while leaving the mass of the hot gases 
p a . a . aod i 
anchanged. We start with T, = 900 degrees Cent., then join this 


Bottom 











Fr 
Fig, 8—Lines Representing the Equations for the Cupola, Using Numerical Data. 


point with H, and draw a line through it parallel to FF’. We 
thus obtain T, and T, equal to 1300 degrees Cent. and t, equal to 
600 degrees Cent. 


DISTURBANCES 


As a matter of fact the theoretical conditions assumed in these 
calculations are not completely realized in practice. Passive re- 
sistances and various other conditions enter and modify the opera- 
tion of the furnaces. The equations for the conservation of energy 
will always hold good, but the point on each line corresponding 
to the temperatures actually obtained are not necessarily the 
lowest (in Cartesian co-ordinates). 


There are three causes of disturbance to be taken into ae- 
count: 


1. The furnace walls are not impermeable to heat. We must 
therefore introduce into the equations for the conservation of 
energy a term for this loss of heat. This gives an equation of the 
same form as that where the melting heat figures. But in this 
case there is no discontinuity, the heat is lost over the entire 
height of the furnace. The result is that the temperature is not 
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uniform from top to bottom of each zone but varies pr 
2. The conductivity is not infinitely great and 
change of heat between the two currents of materials 
stantaneous. The result is first that the zones of dis 
characterized by sudden changes of temperature are re 
zones of increasing thickness where the temperature 
gressively. This changes nothing in the above derived conc] 
Furthermore, a loss of motive power is caused by abrup 
in heat that exist between different temperatures because 0 he 
time necessary to establish the equilibrium of temperature withiy 
the lumps of solid material. This, in turn, causes a limitatio) 
in the extent of the temperature regions that can be utilized and 
are shown on the straight lines expressing the conservation of 
energy. In industrial furnaces, however, where the specific hea 
of the current of gases is always much greater than that of the 
eurrent of solid materials, this effect is lessened to a large extent 
by a compensation that takes place, at the instant of the entrance 
of the solid materials into the furnace, between the inevitable sud 
den change in heat even in the absence of all passive resistance 


and the drops in heat due to passive resistances. This second effect 


increases in the same measure as the first one decreases. Finally, 
the intervention of passive resistances is generally not an in 


ALll 


portant cause of efficiency reduction. 

3. We implied in all our reasoning that the two opposite 
currents of material move with the same speed in all parts of eac! 
horizontal cross section, and that, consequently, temperature wields 
uniform power over all points of each cross section. In practice 
things are entirely different, and this is the most important cause 
of the reduction of the thermal efficiency in shaft furnaces. 

Not all the fragments of solid materials have the same dimen 
sions and there are consequently empty spaces between them. The 
smaller these empty spaces, the smaller the speed of the current 
of gases. On the other hand the solid materials pressed against 
the wall are not as closely intermingled as at the center of the 
charge. The particles touch the walls only with their sharp points 
and leave relatively large empty spaces between themselves and 
the wall. 

This effect is very pronounced in furnaces where the solid 


fuel is mixed with the material which is to be heat treated, as 
(Continued on Page 602) 
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LOCOMOTIVE FORGING STEELS 
By O. V. GREENE 


Abstract 





The author gwes the results of tests made on vari- 
ous types of heat treated alloy steels for reciprocating 
locomotive parts. Many difficulties have been encoun- 
tered with complex alloy steels and quenched and tem- 
yered carbon steel used for locomotive forgings. As a 
result many railroads are using normalized steel for 
their forgings. The normalized forging steel tends to 
eliminate internal fissures and cracks, internal strains, 
ferritic segregation due to nonmetallic impurities. If 
weight is an wmportant factor, however, such steels as 
vanadium or manganese are used so that sections may 
be safely reduced in size. 


URING recent years the power requirements of railroads 
have increased tremendously. The increased weight of both 
passenger and freight trains has necessitated heavier, larger loco- 
motives capable of developing greater horsepower. Since horse- 
power is the product of the tractive force and the speed, it is not 
uncommon to find passenger locomotives developing a horsepower 
equal to that of freight locomotives. In general with passenger 
locomotives a comparatively low tractive force with high speed is 
developed, while a freight locomotive is designed for higher trac- 
tive foree and low speed. Thus to meet present day traffic de- 
mands, the capacities of locomotives have been increased in both 
classes of service, with higher speeds in the former and greater 
weights in the latter. 


ALLOY STEEL 





As a consequence the design and requirements of locomotives 
today have taxed engineering materials to the utmost. Engine de- 
signers have realized that the locomotive forging steels of ten or 
ifteen years ago cannot fulfill requirements of today. For this 
reason experiments have been conducted with various types of 
leat treated alloy steels for connecting rods, crank pins, piston 





_ A paper presented before the ninth annual convention of the society 
ield in Detroit, September 19 to 23, 1927. The author, O. V. Greene, a 
member of the society, is metallurgist with the Reading Company, Reading, 
Pa, Manuscript received April 25, 1927. 
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rods and other reciprocating parts. For example, ste 
the following have been experimented with: 

S. A. E. 2330 and 2335 (C 0.25 to 0.35 per cent and 
0.40 per cent respectively, Ni 3.25 to 3.75 per cent). 

S. A. E. 3135 and 3140 (C 0.30 to 0.40 per cent and 0.35 ¢, 
0.45 per cent respectively, Ni 1.00 to 1.50 per cent, and (Cr 045 
to 0.75 per cent). 


30 to 


The tensile properties obtained with these steels were quite 
good. For instance, a steel conforming to 8. A. E. 3140, forged 
into connecting rods, quenched at 1550 degrees Fahr. and tempered 
at 1200 degrees Fahr. gave the following results: 


Average of 20 Tests Maximum Minimum 


Elastic Limit .... 58,300 Lbs, perin.? 75,000 Lbs. per in.? 55,000 Lbs, per in, 
Ultimate Strength 103,000 Lbs. per in.* 118,000 Lbs. per in.* 90,000 Lbs. per in: 
Elongation in 2” . 22.2 per cent 26.0 per cent 


20.5 per cent 
Reduction of Area 50.2 per cent 60.8 per cent 


46.8 per cent 


The results of practically every service test with such material, 


however, were unsatisfactory. The reasons for this were numerous. 
The alloy steel ingots were as a rule not large enough to have 
billets of the required amount of reduction manufactured from 
them. Also the forgings were so large that it was nearly im 
possible to obtain uniform physical properties throughout the sec 
tion after heat treatment. Of course these same steels are ex 
cellent fer heat treated automobile forgings, as the sections ar 
small enough for the heat treatment to be nearly ideal. If the 
mass and section of a connecting rod, weighing from 1500 to 215!) 
pounds, be compared to an automobile crank shaft or axle, the 
difficulties encountered in the heat treatment will be obvious. 
Finally, although it has not been definitely proven, there have 
been a sufficient number of cases to warrant the belief that if the 
surface finish on steels of this type is not the best obtainable. 
the fatigue strength is greatly lowered as compared to ordinar\ 
earbon steel with the same finish. There have also been sufficient 
eases that lead to the belief that the presence of cracks and nicks 
caused by accidental blows, grooves caused by wear, and shoulders 
with short radius fillets have a more marked effect on the lower 
ing of the fatigue strength of such alloy steels when applied to 
locomotive forgings, than on ordinary carbon steel. ¥ 
Examples of this last mentioned type of failure are familiar 
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verv railroad mechanical engineer or engineer of tests. Fig. 1 
‘oilure due to change of cross section and localization of 
4» rectangular section side rod. The scoring extended 


» the full length of the section, becoming deepest at the 


Photograph Showing Failure Due to Scoring on the Side of a Rectangular Section 
Approximately One-Half Size. Figs. 2 and 3-——-Showing Cracks in the Heads ot 
n Side Rod Resulting from a Nick and a Hammer Dent, Respectively. % Size. 


where detailed fracture began. The subsequent failure of 
a reciprocating stress member was only a matter of a short 


Kies, 2 and 3 show eracks on the heads of I-section side 


rods developing from a nick and a hammer dent respectively. 


hese cracks of course would have rapidly led to total failure of 
the member. Incidentally Fig. 3 is a nickel-chromium rod, having 
U43 per cent carbon, 1.30 per cent nickel and 0.63 per cent chro- 


mum, 


(YUENCHED AND TEMPERED STEEL 


In the past to obtain the necessary physical properties ordi- 


lary open-hearth carbon steel locomotive forgings were quenched 
nd tempered. Most of these steels fall within the following 
‘hemical specifications : 
Per Cent 

Sk ca acktiwcesc cs GRO O.60 

ENN feo cs owes. O46 006.70 

Phosphorus ................ 0,045 Max. 

WU Eco hescaveccecsccs Ge mea 
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The heat treatment was approximately as folloy 
was allowed to become cool after forging. It was then yeh, 
uniformly between 1550 and 1600 degrees Fahr. and ide 
water. Finally after becoming cold, the forgings were heateq bo. 
tween 1150 and 1200 degrees Fahr. for the tempering, and wor 
cooled slowly in the furnace. The tensile results of such materia 
forged into connecting rods, driving axles, crank pins and Slates 
rods and heat treated as above, are as follows: oa 
















Average of 35 Tests Maximum Minimum 
Elastic Limit .... 63,300 Lbs. per in.? 72,000 Lbs. per in.? 52,000 Lbs. per in! 
Ultimate Strength 103,500 Lbs. per in.? 113,000 Lbs. per in.? 95,500 Lbs, per jp: 
Elongation in 2” . 22.3 per cent 26.0 per cent 20.0 percent 
Reduction of Area 54.0 per cent 60.1 per cent 49.5 per cent 









Fig. 4 shows the structure typical of such quenched and teu. 
pered steel. The sample was taken from a driving axle 12 inches 
in diameter with the following analysis. C 0.587 per cent, My 
0.620 per cent, P 0.020 per cent, S 0.041 per cent, Si 0.240 per 


cent, and had the following physical properties: 











EME osc ce ade pews 06 65,000 Lbs. per in.” 
Ultimate Strength ........... 104,500 Lbs. per in.’ 
Elongation in 2 inches ....... 24.0 per cent 
Reduction of Area ........... 55.5 per cent 


While quenched and tempered carbon steel has the tensil 
properties required by the specification, such forgings fall con- 
siderably short of being an ideal material. Because of the larg 
mass of metal in most of these forgings, high internal strains are 
set up on quenching. Subsequent tempering apparently does not 
always relieve all these strains. Consequently quite often a forg- 
ing is applied to a locomotive in a highly internally stressed con- 
dition. Another grave danger with quenched and tempered steels 
is the amount and segregation of the nonmetallic inclusions. 
Fig. 5 shows the amount of nonmetallics contained in the 
cross section of a driving axle. Such amounts of inclusions are 
commonly encountered. Often the amounts shown here are e 
ceeded. Internal rupture often occurs on quenching when a sie! 
contains like amounts of inclusions, sufficiently segregated. lt 
6 shows internal quenching cracks following inclusions in the ctos 
section of a driving axle. In some eases these fissures extend t 
the surface and in others they are entirely on the inside. When 
the former takes place the cracks can be quite easily detected. 
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Photomicrograph Showing Typical Structure of Quenched and Tempered Driving 
[ 587 Per Cent; Manganese, 0.620 Per Cent; Magnification 100 x. Fig. 5—- 
Tograph Showing Nonmetallic Inclusions Contained in the Cross Section of a Driving 
Magnification 100 x. Fig. 6—Photomicrograph Showing Internal Quenching Cracks 
ng Inclusions in the Cross-Section of an Axle. Magnification 100 x. Fig. 7—Photo- 


an graph of a Fatigue Crack Developed by the Aid of Inclusions. Longitudinal Section. 


t 


290 x, 
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However, if the latter is the case no ordinary metho 
tion will reveal them. When forgings containing 



















ruptures are placed in service, disastrous results are 
countered. 

The presence of undesirable amounts of nonmetal] 
also accelerates the speed of fatigue failure. Fig. 7 show. 
end of a fatigue crack in a driving axle. The path of the figs 
is seen to be branching and developing by the aid of the 
clusions. The use of inclusions in the development 
crack, so well described as ‘‘stepping stones’’ in a rece) 
Kk’. F. Lueas, is quite evident here. 

A further effect of the amount and segregation of the 
metallic inclusions in quenched and tempered material. 
ferritic segregation around or near the impurities. Fig, 8 
the ferritic segregation due to inclusions in a quenched and 
pered driving axle. This condition is not particularly des 
since it results in the heterogeneous structure compose: 


stringers in a relatively hard matrix. 


NORMALIZED STEEL 


Because of the difficulties encountered with the more 


















complex alloy steel and with quenched and tempered carbou st 
the trend in recent years has been to use for railroad forgings 
simple alloy or carbon steel in a double annealed or norm 
condition. 

The most important of the simple alloy steels used ar 
ganese and vanadium. Each of these stee!s have advantages | 
liar to it alone. A comparison of the properties of these 
steels follows: 

The vanadium steel is generally within the following ch 
limits : 


Per Cent 


oe 
TT ere A a a 
EE ht «x6 0 s.0e cee eee’ 0.040 Max. 
POTS. oo ons ccc wuercccnces, Gee mek 
nn... . dren ceoc vemeumeLawan eee 
ear 8 ee en a 


GSR Se Ragege meme renee ey 5 0.20 Max. 








This steel is usually treated by normalizing and 








LISS 


Alt 
Y 


eS | 


} 
nese 


















FORGING STEELS 579 








s normalized at 1600 to 1650 degrees Fahr. and the forging 
od from the furnace and cooled in still air. This is followed 
reheating at 1150 to 1250 degrees Fahr. being removed from 
furnace and allowed to cool as before. The tensile properties 


vanadium steel after this double treatment are as follows: 





Average of 50 Tests Maximum Minimum 


sie Limit .... 61,500 Lbs. per in.? 72,000 Lbs. per in.? 56,000 Lbs. per in.? 

timate Strength 100,000 Lbs. per in.’ 113,000 Lbs. per in.? 89,000 Lbs. per in,’ 
vation in 2” . 20.8 per cent 29.0 per cent 22.0 per cent 

ietion of Area 52.5 per cent 61.9 per cent 46.6 per cent 








Impact tests made with a V-notehed Izod bar eave the fol- 





results : 


wing 





) 


Average of 8 Tests : elle os 1g 23.9 foot pounds 
Maximum ... - ech ie. ae 27.0 foot pounds 
Miwa 7 ok ae bss sc > aca hades t= wag “Maa A 











he tensile and impact tests were taken from prolongations on 
nnecting rods, crank pins and piston rod forgings. 


Kiev. 9 shows the average structure of normalized and reheated 










mnadium steel. This particular specimen was from a side rod 
that analyzed: carbon 0.585 per cent, manganese 0.929 per cent 


) 


nd vanadium 0.208 per cent. It had the following tensile prop 






+} ° 
ties : 



















Elastic Limit ................ 65,000 Lbs. per in.’ 
Ultimate Strength ........... 103,000 Lbs. per in.’ 
Klongation in 2 inches ....... 25.0 per cent 
Reduction of Area ........... 51.2 per cent 





The manganese steel used falls generally within the following 
‘hemical limits: 





Per Cent 


CR os oc, yb ob 0 dee we oo ee Oe 
SO nce es etsasee. Se SO kee 
Phosphorus ................ 0,040 Max: 
TS tek cit-mip G'¥ie end bd ee 0.040 Max. 


SE tt cian te wig dn kat 0.15 to 0.25 








ixamples of manganese steels varying from this analysis will 
viven later. 

Forgings made of manganese steel of this class were treated 
normalizing and tempering similar to the vanadium steel. 


‘hese forgings were normalized from 1500 to 1550 degrees Fahr. 
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Fig. 8—Photomicrograph of Ferritic Segregation Caused by Segregation 


Inclusions. Longitudinal Section. Magnification 100 x. Fig. 9—Ave 
Normalized and Reheated Vanadium Steel. Carbon, 0.585 Per Cent; 
Per Cent; Vanadium, 0.203 Per Cent. Magnification 100 x. Fig. 10 


Showing the Average Structure of Normalized and Reheated Manganese St: 


100 x. Carbon, 0.410 Per Cent; Manganese, 1.88 Per Cent. Fig. 11 
Showing Structure of Manganese Steel Piston Rod. Carbon, 0.428 Per 
1.439 Per Cent. Magnification 100 x. 
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ooled in still air. They were then reheated from 1050 to 
1100 degrees Fahr. and cooled in air as before. The tensile prop- 
tieg after this double treatment are as follows: 


Average of 15 Tests Maximum Minimum 


vlastie Limit ...- 61,000 Lbs. per in.’ 63,500 Lbs, per in.* 51,000 Lbs, per in.’ 
timate Strength 97,700 Lbs. per in.’ 107,000 Lbs, per in.? 86,500 Lbs. per in.? 
“iongation in 2” . 27.4 per cent 30.0 per cent 24.0 per cent 
Reduction of Area 64.5 per cent 70.1 per cent 49.8 per cent 


Impact tests made with V-notched Izod bar gave the following 
results : 
Average of 8 Tests 36.9 foot pounds 


Maximum 43.0 foot pounds 
Minimum 29.0 foot pounds 


The tensile and impact tests were taken from elongations on 
onnecting rods and piston rods. 

Fig, 10 shows the structure of normalized and reheated man- 
canese steel of this composition as made into a piston rod with a 
j-inch diameter and 1l-inch hole. The steel in Fig. 10 analyzed: 
carbon 0,410 per cent, manganese 1.880 per cent, phosphorus 0.030 
per cent, sulphur 0.026 per cent, and had the following physical 


properties : 


ere 63,000 Lbs, per in.? 
Ultimate Strength ........... 106,000 Lbs. per in.’ 
Elongation in 2 inches ....... 23.0 per cent 


ae 


Reduction of Area 61.0 per cent 


Steels with a lower manganese content have also been used. 
Nig. 11 shows the structure of a manganese steel used for a piston 
rod analyzing: carbon 0.428 per cent, manganese 1.439 per cent, 
phosphorus 0,025 per cent, sulphur 0.022 per cent, and had the 
ollowing physical properties after normalizing at 1600 degrees 
ahr, and reheating at 1100 degrees Fahr.: 


CO eee 62,000 Lbs. per in.” 
Ultimate Strength 107,000 Lbs. per in.” 
Klongation in 2 inches 26.0 per cent 
Reduction of Area 57.0 per cent 


ig. 12 shows a manganese steel used for locomotive driving 
Wheel tires, analyzing: carbon 0.614 per cent, manganese 1.166 per 
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Fig. 12—Photomicrograph Showing the Structure of a Manganese Steel 
Tire. Carbon, 0.614 Per Cent; Manganese, 1.166 Per Cent. Magnification 1( 
Taken from Flange. Fig. 13 Photomicrograph Showing the Structure of Car! 
Wheel Tire. Carbon, 0.614 Per Cent; Manganese, 0.683 Per Cent. Speci) 
Flange. Magnification 100 x. 


cent, phosphorus 0.018 per cent, sulphur’ 0,043 per cent. This 


specimen was taken from the flange of a tire. If this be co 
pared to Fig. 13 which was taken from the flange of an ordinai 
carbon steel tire, analyzing: carbon 0.614 per cent, manganes 
0.683 per cent, phosphorus 0,020 per cent, sulphur 0.028 per cen! 
the use of manganese to produce a steel with a more desiral 
grain, will be evident. 

It is curious to note at this point that a well known write! 
of metallurgical literature remarks that steel containing over 1.' 
per cent of manganese is brittle. Nothing is actually farther fro 
the truth. If the physical results of the manganese forging ste 
be compared to the vanadium, it is seen that while the manganes 
steel is lower in elastic limit and ultimate strength, it has a co! 
siderably higher elongation, reduction of area, and impact vi 
than the vanadium steel. These advantages of the mangatnes 
steel over the vanadium are somewhat offset, however, by seve! 
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eonditions. Manganese steel has seldom shown the uniformity in 
sructure obtained with the vanadium steel. If Figs. 10 and 16 
ne compared to Figs. 9 and 17, the nonuniform banded structure 
peculiar to manganese steel of this composition, will be evident. A 
manganese steel forging seldom has exactly the same physical prop- 
erties throughout, independent of any precaution or care taken in 
the heat treatment. Vanadium forgings on the other hand, almost 
invariably have identical physical properties throughout. Segre 
vation of nonmetallic impurities producing ferritic segregation in 
manganese steel is a further undesirable condition. However, it 
should be noted that the above characteristics are based on only 15 
tests from two heats of manganese steel, as compared to 50 tests 
from six heats of vanadium steel. The following tests are included 
to amplify these points. 

A vanadium and a manganese steel were heat treated at the 
sume time by normalizing from 1550 to 1600 degrees Fahr. and 
reheated from 1100 to 1150 degrees Fahr. These forgings had 
approximately the same weight. The analyses of these steels are 
as follows: 


Vanadium Manganese 
Steel Steel 

CayeO chscaicscecx.s O87 Por Cent 0.321 Per Cent 
Manganese .......... 0,84 1.818 
Phosphorus 0.028 0.020 
Sulphur . 0.036 0.022 
Ri ee a ee aan i eg ee 0.16 
VERE eek kn. CP 
Chromium 


Mig. 14 shows the amount of reduction and the condition of 
the tensile test bars of both the manganese and vanadium steels. 
The tensile properties of the manganese steel represented by 
the tests bars 1, 2, 3, shown in Fig. 14 are as follows: 
1 2 3 
lastie Limit .... 62,000 Lbs. perin.? 62,000 Lbs. per in.? 63,500 Lbs per in.’ 
Ultimate Strength 96,000 Lbs. per in.* 97,000 Lbs. per in.? 99,000 Lbs. per in.? 


Klongation in 2” 24.5 per cent 28.5 per cent 28.5 per cent 
Reduction in Area 49.8 per cent 67.1 per cent 60.7 per cent 


he tensile properties of the vanadium steel also represented 
by test bars 4, 5, 6, in Fig. 14 are as follows: 


4 5 6 
tlastic Limit .... 72,000 Lbs. per in.? 70,500 Lbs. per in.” 70,500 Lbs. per in.” 
Ultimate Strength 111,000 Lbs. per in.? 111,000 Lbs. per in.2111,000 Lbs. per in.? 
tlongation in 2” . 23.5 per cent 23.0 per cent 23.0 per cent 
Reduction of Area 47.0 per cent 46.9 per cent 46.3 per cent 
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Test bar No. 1 was located in the center of the ma 
test elongation. It is typical of the nonuniformity encoun: 
manganese steels of this analysis. The ragged fracture. 
elongation and reduction of area were due to nonmetallic 
tion in the form of stringers. 

Fig. 15 shows the amount and condition of the inclusions jy 





Fig. 14—Photograpk of Tensile Test Specimens of Manganese and Vanadium Steels 
Bars 1, 2 and 8 are Manganese Steel Normalized and Reheated. Carbon Content, 0.32 Per 
Cent; Manganese, 1.82 Per Cent. Bars 4, 5 and 6 are Vanadium Steel Ni ized and 
Reheated. Carbon Content, 0.47 Per Cent ; Manganese, 0.84 Per Cent; Vana m, 0.19 
Per Cent; Chromium, 0.05 Per Cent. 


the longitudinal section of this specimen. Fig. 16 shows the 
average structure of the manganese steel test bar number 2. F'ig. 
17 shows the structure of the vanadium steel. This specimen was 
taken from test bar number 5. If these photomicrographs be com- 
pared, the greater uniformity of the vanadium steel will be obvious. 
A number of railroads have turned to normalized and re- 
heated (or tempered) carbon steel for their locomotive forgings 
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Fig. 15—Photomicrograph Showing the Amount and Condition of Nonmetallic Inclusions 
d re- in Longitudinal Secticn of Test Bar No. 1. Magnification 100 x. Fig. 16—Photomicrograph 
. Showing the Structure of Manganese Steel. Cross Section of Test Bar No. 2. Magnification 
"ings 100 x. Fig. 17—Photomicrograph Showing the Structure of .Vanadium Steel. Cross Section 
{ Test Bar No. 5. Magnification 100 x. Fig. 18—Photomicrograph Showing the Structure 
{ Normalized and Tempered Carbon Steel Driving Axle. Carbon, 0.47 Per Cent; Manganese, 

62 Per Cent. Magnification 100 x. 
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Such steel is generally bought to the following chemica 
tion : 


Per Cent 
saan), deta gus Gk ook aw b's 0.45 to 0.55 
ND a kd wi vch es eee ne i 0.40 to 0.70 
EE (tiie hoa ocean 0.04 Max. 
ae Be tit 6. dete cha: in nee 0.04 Max. 
Silicon 


0.15 to 0.25 


“ee ee weer eee e eee eneene 









Forgings of this character can be brought to the following 
tensile requirements, but in the usual specification they are lower 


(See American Society for Testing Materials, Specification A 20.9] 










PE PD aves cddtene e's a8 45,000 Lbs. per in.” 
Ultimate Strength ........... 85,000 Lbs. per in.” 
Elongation in 2 inches ....... 25.0 per cent 
Reduction of Area .......... 40.0 per cent 


An example of the structure obtained with such material a 
used in driving axle forgings is shown in Fig. 18. This specime 
analyzed: carbon 0.47 per cent, manganese 0.62 per cent, phos 
phorus 0.040 per cent, sulphur 0.038 per cent, silicon 0.25 per cent 
and had the following physical properties : 








EE SED bid otn.acbe-rs eka 
Ultimate Strength ........... 
Elongation in 2 inches 
Reduction of Area 


53,000 Lbs. per in.’ 
89,500 Lbs. per in.’ 
25.0 per cent 
43.5 per cent 








The average physical results on various types of forgings 
made of this material and heat treated by 
heating are: 


normalizing and re 


Carbon Steel Driving Axles 


Average of 10 Tests 
48,100 Lbs. per in.” 
88,200 Lbs. per in.? 
26.5 per cent 
46.6 per cent 


Maximum Minimum 


49,000 Lbs. per in.? 47,000 Lbs, per in 
90, ,000 Lbs. per in.” 86, 000 Lbs. per in. 
30, 0 per cent 25 5.0 per cent 
53.5 per cent 40.5 per cent 


Elastic Limit .... 
Ultimate Strength 
Elongation in 2” . 
Reduction in Area 












Carbon Steel Piston Rods 


Average of 10 Tests Maximum Minimum 
Elastic Limit .... 48,800 Lbs. perin.? 52,000 Lbs. per in.’ 46,500 Lbs per in.’ 
Ultimate Strength 89,550 Lbs. perin.? 92 500 Lbs, per in.? 87,000 Lbs. per in.’ 


Elongation in 2” . 


26.3 per cent 
Reduction of Area 


28, 0 per cent 
46.3 per cent 


25.0 per ce nt 
58.5 per cent 


40.5 per cent 











Carbon Steel Crank Pins 


Average of 11 Tests 
47,860 Lbs. per in.’ 
86,950 Lbs. per in.” 
26.4 per cent 
45.6 per cent 


Maximum Minimum 
49,000 Lbs. per in.? 47,000 Lbs. per in.’ 
92 000 Lbs. per in.’ 85 5,500 Lbs. per in.’ 
28.5 per cent 25,0 per cent 
50.0 per cent 40.5 per cent 


Elastic Limit .... 
Ultimate Strength 
Elongation in 2” . 
Reduction of Area 
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Carbon Steel Connecting Rods 


Average of 11 Tests Maximum Minimum 


Flastic Limit 49,450 Lbs. per in.? 53,500 Lbs. per in.? 47,000 Lbs. per in.’ 
timate Strength 88,500 Lbs. per in.? 93,000 Lbs. per in.’ 
ongation in 2” 27.3 per cent 30.0 per cent 

Padinetion of Area 52.5 per cent 57.0 per cent 


85,000 Lbs. per in.” 
25.0 per cent 
45.0 per cent 


\ 


SUMMARY 


Due to the difficulties encountered with the complex alloy 
steels and quenched and tempered carbon steel, many railroads 
have turned to normalized steel for their locomotive forgings. The 
advantages of normalized and reheated (tempered) forgings over 
quenched material are numerous. In a normalized forging the 
nternal fissures and cracks found in quenched material are never 
present. The magnitude of internal strains found in many of 
the quenched forgings is never encountered in normalized ma- 
terial with the exception of the manganese forging steels, well- 
defined ferritic segregation due to nonmetallic impurities is also 
seldom found in normalized forgings. 

Of the simple alloy steels used for normalizing the vanadium 
steel is slightly better than the manganese steel. This statement is 
of course based on the author’s investigation only. Since his 
experience with manganese steel has been quite meager as com- 
pared with vanadium steel, such a conclusion may be unwarranted. 
Also it is obvious that these conclusions are based entirely upon 
laboratory results. In spite of the disquieting characteristics of 
the manganese steel, such as its segregation of nonmetallies and 
lerrite, the service results we have obtained to date 


have been 
satisfactory. 


While the normalized carbon steel forgings do not show 


physical properties equal to the vanadium and manganese steels, 
their use is justified since they may be economically and safely 
applied to all classes of locomotives if the sections are large enough 
to insure the necessary factor of safety. Of course on a locomotive 
where weight is important, such steels as vanadium or manganese 


are employed in order that the sections may be safely reduced in 
81Z@, 
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results on the various normalized and tempered carbo: 
ings appearing at the end of the paper. 


DISCUSSION 





Written Discussion: By E. J. Edwards, American Loco 
pany, Schenectady, N. Y. 

We are indebted to Mr. Greene for this contribution as it 
up for discussion a problem which is of vital importance to 
large, and is a subject which has not received the serious 
to which it is justly entitled. 

For over twenty years the writer has been actively engaged 
manufacture of locomotive forgings and during this period has had 
opportunity to follow such forgings in service, being therefo: 
familiar with the troubles encountered in the manufacture of 


l such T 


€ somewhat 


ings, and to the varied contributing causes of failure of such parts 
At this time it might be well to review briefly the materials w! 
have been used for locomotive forging parts:—iron axles, crank 


driving rods, etc., were applied to locomotives up to a few years ago, a1 
a large number of such forgings are still in service. With the ad 
of the larger locomotive, it was found necessary to use a material y 
a higher tensile strength. Naturally the engineer went to the us 
straight carbon steels. As late as 1907 or 1908 we find that a mate 
was used of approximately the following analysis, as shown by 
ladle test: 
















Per Cent 


i to 0.50 





OO PE Core ee 0.40 to 0.60 
ee eee re 0.05 Max. 
UE Goda beseccckuteeun 0.05 Max. 








At that time little attention was given to check analyses, to determi 
the amount of segregation, nor was there sufficient care being take 
make certain that a sufficient top and bottom discard had been mai 
to insure only sound dense metal, free from segregation. In the heat 
of the billet for forging little or no attention was given to the rat 
application of the heat, time of soaking the billet, nor the temperatur 
to which the billet was heated for the final forging. In those days 
forging made under such conditions was placed in service without ever 
having seen an annealing furnace. Suffice it to say that a material 1 
such a state was not fit for the purpose intended and it is surprising 
that the failures were not more numerous. An occasional tensile test 
was made for record purposes but not used as a basis of acceptance 
rejection of the forging. 

About 1907 it began to be recognized that annealing was necessa!) 
in order to refine the crystalline structure of the metal. At that tm 
driving axles were placed into a flange furnace, the flame 
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jirect contact with the metal. The forging being heated to a cherry 
. being allowed to cool in the furnace or in the air. An improvement 
. geen in the quality of the driving axles and it was not long before 
; mportant forgings such as rods, crank pins, piston rods, etc., were 
alte annealed. 

At about the same time a few alloy steel forgings (nickel and 

dium) were applied, such forgings being annealed only. Some of 
a vanadium forgings are, I believe, still in service. The analysis 
* the nickel forgings apparently was not properly balanced with the result 
+ such forgings did not give the best service. 

Late in 1909 or early in 1910 a large number of quenched or tem- 
ored chromium-vanadium forgings were applied. Results obtained were 

st disappointing, as a large percentage failed in service. The failures 
eing due largely to internal strains set up in the quenching medium 

thermal ruptures which were, no doubt, present in the forging 
vious to the heat treating. The defect being developed to a greater 
cree through the quenching of the steel. 

Soon we find a considerable tonnage of quenched and tempered carbon 

being specified, but again the service results were disappointing. 

number of failures being attributed to internal strains, which were 
ip due to the rapid cooling of the metal. 

The above deals with the past. Let us now consider just what is 
being done to insure a better locomotive forging today and tomorrow. 
The writer happens to be connected with the American Locomotive Com- 

whose officials recognize the importance of locomotive forgings 

he necessity of every precaution being taken to insure a product 

will give the best in quality and a forging which will give the 
nsumer real service. 

The following is a summary of the methods of manufacture and the 

being exercised to insure the highest quality in such forgings:— 

investigation is first made to make certain that the producer is in 
position to furnish real high quality steel in the ingot or billet form. 
to the large sectional area of the finished forgings the source of 
supply for such a steel is somewhat limited. The steel maker therefore 
uses specially designed ‘‘hot tops’’, selects his charging stock and because 


ot the rigid inspection of such ingots and blooms recognizes the im- 


portance of quality in this particular product. It is a common occurrence 


— ea discard of from 40 to 50 per cent being made to meet the exact- 
. e a . ing requirements, 


In addition to the careful surface inspection of the ingot and bloom 
make certain there are no defects present, it is the practice to take 


; 


trilline » &y . . e 
suangs trom each ingot at a point one-half way between the center and 
he edge and at the dead center to make certain that the steel is within 


ie eh Se ° : 7s 
me chemical range specified and is free from ‘*piping’’ and undue 
segregation, 


In tl 


ie case of alloy steel blooms, deep etch specimens are taken from 
two or 


three billets adjacent to the ‘*top and bottom discard’’. This 
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test must show the steel as being reasonably sound, fre: 
ruptures and undue segregation. It is the writer’s firm 
‘‘etch’’ of a full size cross section gives more informat 
quality of the bloom than any other test with which w, 
In passing permit me to say that one manufacturer had 


misf¢ 
to lose twenty-three heats due to internal rupture. This ™ 
have been discovered only through the ‘‘etch’’ test. 
In the ease of earbon steel blooms, a tensile test is de 
billet adjacent to the top discard as well as from the bottom dis 


The minimum physical properties specified being 82,000 pounds pe 
inch tensile strength, and 15 per cent elongation in 2 inches 

Samples for chemical analysis to represent both the alloy and | 
blooms are taken from two or more ‘‘tops’’ cut billets (adjacent hi 
top discard) and from two bottom billets. Drillings being taken  ; 
dead center and at a point one-half way between the center and 
edge. It is to be noted therefore that these tests insure only the accu 
ance of real quality billets. All billets being cut to an individual lengt! 
by a cold saw enables one to detect all evidence of piping. 

The heating of the steel for forging is of vital importance. All allo 
steel blooms are either preheated or charged into a cold furnace ani | 
heat applied slowly. This is of great importance as heating too rapid 
is dangerous and may result in thermal ruptures. A definite sc! 


SCHUCUUI 


has been worked out according to the sectional area to permit a proper 


vel 


heat penetration throughout the entire billet. Oil-fired regenerative fu 


al 


naces equipped with electric control pyrometers insure complete contr 
over the heating, guards against overheating and isures the proper torging 


temperature. 

All axles and crank pins are forged under a 1000-ton press whil 
driving rods and other heavy forgings are forged under a 12,(00- 
hammer, 


Next comes the heat treating department where all the ills of 


open-hearth, rolling mill and forging plant are cured. Here we ha 
large battery of oil-fired furnaces where the forgings are treated 
temperature being controlled by electric pyrometers and checked agai 


by the Siemens’ water pyrometer. Care is taken when placing the torg 
ings in the furnace to make certain that the heat can radiate 

the entire mass to insure uniform heat penetration. The forgings 
carbon and alloy) being normalized and annealed to meet the most exactilg 
physical and micro requirements. Very few railroads require that 
steel be quenched. 

After the usual inspection, which includes tensile, chemical and mic! 
tests, the forgings are sent to the machine shops where care 1s take 
to remove tool marks, etc., special attention being given to insure amp™ 
fillets with large radii. 

There seems to be a difference of opinion today as t 
steel which will give the best service. Alloy steel is being used by s™ 
roads with apparent success. At the same time several railroads bave 


the type 
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-esults which have been disappointing. The question so often raised 
‘Why has the alloy steel not been a success on the railroads 
nile it has in automobile parts?’’ This can be partially explained, 
at least, as follows— 


1) That due to the large sectional area in the railroad forging if 
necessary to pour very large ingots which might develop thermal rup 
in cooling or heating, which ruptures have likewise developed 


heating or cooling of the blooms or forgings. Little 


in 
or no trouble 
the straight earbon steel has been experienced in this respect. 
Only a few of the railroads are equipped with annealing facilities 
«) that no matter what care is exercised by the manufacturer to insure 
‘he best in heat treatment, when the railroads are called upon to straighten 
repair an alloy steel forging the structure of the metal after being 
repaired is questionable. For this reason a straight carbon steel of the 
ropel composition seems in the opinion of the writer to have its advan 
ages, especially when it comes to questionable treatment on the part 


the users. 


{gain there is difference of opinion as to whether a high tensile 


strength is of greater importance than ductility. It is the writer’s 
pinion that we have been wrong in using steels (carbon and alloy) of 
such high strength, even at the sacrifice of ductility, and I feel that 
better results would be obtained from a service standpoint were we to 
ise a steel normalized and annealed showing a tensile strength ranging 
from 76,000 to 85,000 pounds per square inch, with a corresponding high 
luctility. Experiments which I have recently made in the attempt to 
learn the effects on the metal of the heating of a locomotive journal, 
through the lack of lubrication in service, and the rapid cooling through 
the application of water (which is frequently resorted to) seems to 
udieate that such a material will resist such service the better. Like 


vise the effects of tool marks, insufficient fillets, battering and marring 


service would be less serious as affecting the life of the forging in 
this type of steel as compared with a higher strength material, be it 
oy or straight carbon steel. 

In passing please permit a few direct 


comments in connection 
with Mr. Greene’s paper. 


It is to be noted that Mr. Greene in quoting 
physical properties refers to elastic limit. I presume that the results 
juoted should really be the ‘‘ yield point’’ which is what is actually obtained 
i most commercial testing. 

As regards the size of ingot which would permit a sufficient reduction 
vetween ingot and bloom and bloom and forging would say that pressed 
illets or forgings can be secured which will permit a very large reduc 

war ion between the ingot and bloom or forging. The question of the amount 
insure amy f reduction, which is actually necessary, is questionable. Our forefathers 
mes inee iand down a legend to us that a reduction of at least four to one in 
the type v4 


t 8s sectional area was necessary to produce a desirable billet or a reduc 
set yy sole > 7 
; ion of 


five to one in cross sectional area when making a forging direct 


[ror he ; . : . : . . 
n the ingot. An investigation recently conducted by the writer indi- 












































































































































































592 TRANSACTIONS OF THE A. 8. 8. T. 
cates that equally as good results can be obtained with a reduect 
three to one. This is of vital importance because of the fact 
recognize that in the larger ingot there is a greater tende) 
regation. 

As regards the variations in physical properties in th 
S. A. E. 3140 material referred to on page 574 of the paper, it 


that the proper time and care was not taken in the heat treatment. 


results throughout the section are obtained daily through ecarefu! 

ment. Further, to assist in this respect, it is now the practice to | 
round forgings. The larger the sectional area of the mass, the 
diameter of the hole. 





The question of fatigue failures due to tool marks, fillets wit 


insufficient radii, with the tool marks not removed, as well 


as 


ni 
sharp indentations, are responsible for a large percentage of th 


ecKs 


in high strength forgings, be they alloy or straight carbon stee! 


a condition is frequently the nucleus of a defect which progresses ra) 
until failure occurs. The heat checking of a forging due to the lack 
lubrication is a serious problem and is likewise responsible for 


failures. 


The microstructure, Fig. 4, representing a quenched carbon structu 
does not indicate that the metal had been given a proper heat treatm 
This is not a typical structure as better work is done daily. Neithe 


the physical properties representative of that normally obtained 


quenched carbon steel forging. 


Referring to the unetched specimen, Fig. 5, I cannot agree that 


a eommon occurrence to see a steel containing inclusions equal 


+ 
tT) 


specimen. In all my experience in the study of failed forgings | 


never seen a steel so badly contaminated with slag as shown in this spe 


men. Certainly it is no credit to the steel manufacturer. 


As regards the internal ruptures or fissures, would say that the 


etch is of value in locating such defects. Whether or not the slag 
clusions are in any way responsible for the internal ruptures is a quest 
as I have seen a large number of quenched ruptured forgings when 


steel is sound and unusually free from slag. 


Recognizing that the quenching in a quenching medium was 
drastic a treatment for the larger sections in both the alloy and 


steels, the manufacturer and consumer have been inclined to 


the annealed forging. It is the practice today to normalize and anneal 
both the carbon and alloy steel forgings. The normalizing, of 
enables the manufacturer to obtain better physical properties, especiall) 
ductility, and a better grain refinement. Today a few railroads hav 

eluded in their specifications micro requirements to cover grain siz 
This requirement can only be met by normalizing. The physical pro} 
erties quoted by Mr. Greene throughout his paper are very unusual and 
I am certain that no manufacturer could agree to work to such 


ments as rejection limits. 


As regards the different types of alloy steels used would sa) 
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‘derable tonnage of chromium-vanadium, carbon-vanadium, nickel and 

‘ aneeeeet steels, normalized and annealed, are now in service. At the 

aad time we ere experimenting with nickel, manganese, and molybdenum 
forgings in order to learn their possibilities. 

| have often seen normalized and annealed forgings with a well-defined 

ferritic segregation. It must be recognized that the amount of grain 

efinement possible in the heat treating plant is limited and I have seen 

gings which have been overheated to such an extent that it was im- 


‘ossible to break up the ferrite segregation by a normal treatment. 


or 
U1 


In conclusion, the problems today before the manufacturer and the 
railroad and which should be given careful consideration briefly sum- 
marized are as follows— 

i—Is there a necessity for the higher strength forging? If so, can 
better results be obtained by the use of alloy or straight carbon steel? 

° Ts the question of ductility not of vital importance and worthy 
serious consideration ? 
3—Should not a steel be furnished which is as near fool-proof as 


ossible to make which steel will best withstand the abuse to which it 
s subjected in service? 


{—Better machining with proper fillets having ample radii and all surfaces 
smoothly finished. 

5—Should not the question of better lubrication and better main- 
tenance be given more careful thought and attention than it has in the past? 


Written Discussion: By Lawford H. Fry, metallurgical 
Standard Steel Works Co., Burnham, Pa. 
Mr. 


engineer, 


Greene’s paper is very timely in calling attention to the ad- 
ances which are being made in the use of special normalized carbon steel 
forgings for locomotive work. The difficulties he quotes as having been 
neountered with alloy and with quenched carbon steel forgings can be 
luplicated on many other railroads, and because of these difficulties the 
ise Of special normalized carbon steel forgings for locomotive work is 
increasing. The information Mr. Greene gives is valuable, but two im- 
portant factors with which he does not deal fully deserve consideration. 
These are service conditions and the preliminary processes of manufacture 
f the forgings including the making of the steel itself. In modern rail- 
roading with heavy power units and high speeds, locomotive forgings 
vork normally under severe conditions of service, and are subjected oc- 
casionally to abnormal abuse. Responsible railroad officials endeavor to 
have their locomotives handled carefully, but journals run hot occasionally 
and sometimes an engine man interested in making time will use water 
‘0 cool down the box. Under such treatment the surface of the journal 
may be cracked cireumferentially and longitudinally, giving an alligator 
skin appearance which is almost certain to lead to failure if the axle 
‘ continued in service. Such treatment is almost immediately fatal to 
a high tensile alloy steel or to a poorly made carbon steel whether 
d or normalized. The railroads are trying to eliminate excessive 

for driving axles, crank pins, side rods and piston rods hard 
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service must be counted on and the progressive manufact 
forgings aims at producing material which will stand up a 
sible under the most severe conditions. 







One of the first requisites in the manufacture of such 
well-made steel properly handled in the processes from ine 
Mr. Greene in Fig. 5 shows a photomicrograph of nonmeta| 
in steel and says that such conditions are commonly encount: 
be exceeded. Judgment as to inclusions based on photomi 
extremely difficult. Much depends on the polish of the specin 
the field chosen. If, however, the dark spots in Fig. 5 ar 
nonmetallic inclusions and if the field «examined, which it must 
bered is only one-fiftieth of an inch by three one-hundredths 
is properly representative of the material generally, the stee| 
considered as desirable raw material for the manufacture of | 
forgings. To produce satisfactory forgings the maker must 
reasonably free from inclusions and this must be cast into ingots 
are allowed to solidify properly to avoid porosity or a loose centra 
ture. Too large an ingot is not desirable as the slow cooling 
ingots tends to produce secondary segregation. 

Many attempts have been made to devise specifications 
which shall insure good forgings, but the problem is extremely difficult 
Steel making is an art and not an exact science, and the forging 
ufacturer must rely to a great extent on the ability and integrit) 
producer of the steel. It is a great advantage when steel making 
forging are under one management with undivided responsibility. 

As clean deoxidized steel is a necessity, the use of acid ope 
steel offers appreciable advantages. The able paper presented by \ 
Furness’ to the Society in 1925 describes clearly the cause of the superi 
ity of acid open-hearth steel. After such steel has been correctly ma 
it is good practice to cast it into properly proportioned ingots which a 
allowed to cool to at least 750 degrees Fahr. so as to ensure complet 
solidification before being reheated for further working. 
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The figures below supplement those in Mr. Greene’s paper and sh 
the results obtainable with the steel practice indicated above. 
results given cover the forgings for thirty locomotives and are taken fr 


a report which was being compiled when Mr. Greene’s aj ym 
hand. The steel was made by the acid open-hearth process. Afte! 

the ingots were press-forged to billets, the forgings shaped 
billets by steam hammer or press and then normalized and anneal 
Sixty tests are covered representing driving axles, crank pins, piston T 
and connecting rods, a total of about 660 forgings. The dimensions 
the end from which the test specimen was taken were:—Driving axles 







. 2 ° . . os ‘ a a te Alan 

10% and 11% inches in diameter, crank pins 5% and 8% inches in aia 
. “se ss . . : nehes hv 

eter, piston rods 55 inches in diameter, connecting rods 10 inches ! 


inches, 11 inches by 5 inches, and 11 inches by 3 inches. The forges 











“Acid Open-Hearth Steel Melting Practice,” by Radclyffe Furness 
American Society for Steel Treating, Vol. 8, 1925, p. 728. 
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ed to specifications calling for the following minimum values 


ensile properties :- - 


Yield Point 
Tensile Strength 


50,000 Ibs. per 


$5,000 Ibs. per sq. 


Up to 9 in. diameter Over 9 


in. diameter 


or thickness 
2,130,000 


=~ 


or thickness 
2,000,000 


_ 


» 


Elongation in in. per cent 


S. 
3,400,000 3,200,000 
Reduction of Area per cent —______—__. ‘enitiaale 


T f 


S. T. 8. 


the driving axles are over Y inches in diameter, while the other three 
f forgings are all less than 9 


asses ( inches in diameter or thickness. 
he average, minimum and maximum values for the sixty tests are shown 
lable I. 26 melts of of the 


sitions range between the following limits:— 


These tests represent 


steel which com 


Cent 

to 0.52 
to 0.69 
0.19 to 0.32 
0.027 to 0.045 
0.024 to 0.037 


Per 
0.42 


0.53 


Carbon 
Manganese 
Silicon 
Phosphorus 
Sulphur 
be seen 


the physical properties are 


that very similar 


to 
Mr. Greene in connection with his Fig. 18. 


If my recognition 


those 
‘Nh by 


Physical Properties of Locomotive Parts 


Crank Pins, Connecting Rods, 


Piston Rods Driving Axles 


Less than 9 In. Dia. or Thickness 
43 Tests 
Average Maximum Minimum 


Point, lbs. sq. 
Strength, Ibs. sq. in. 
ngation in 2 in. per 
tion of Area per 


54,000 
90,300 
ae 25.5 
a 43.3 


56,000: 
96,000 3 


28.0 
52.0 


QUALITY FACTORS 
iplied by Elongation. 2 
itiplied by Reduction. .3 


mult 
t 
t 


1S is not at fault 


a high elastic 
of the tensile strength. 


haracterized by 


This 


290,000 2,560,000 2,130,000 2,250,000 


,900,000 4,260,000 3,230,000 3,660,000 4,000,000 3,240,000 


the resemblance is a family one. 
ratio, the yield point 
is attributable 


Over 9 In. Diameter 
17 Tests 
Maximum Minimum 


Average 


50,500 
85,500 
22.0 
$7.5 


54,300 
90,700 
24.8 


56,000 
93,500 
26.5 
45.0 


2,420,000 2,140,000 
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steel press-forged to billets which gives a clean dense homog 
ture to the forgings. The attainment of high values for vi, 
tensile strength while maintaining adequate ductility 
specification to which the forgings were ordered. This 
fers from that quoted by Mr. Greene in having the elongatio, 


tion of area requirements based on a sliding scale instead 


» 


Fig. 2 





is fay 


spec 


values. The difference between the two types of specifications is 


and 2 (this discussion) in which the elongation 


In each plot there is a very evident tendency for th 
ductility values, elongation and reduction of area, to drop 
strength increases. 


reduction of area are plotted against the tensile strength. 

9 inches in diameter or thickness are 
Fig. 1, and_the results for the driving axles which are over 9 
diameter in Fig. 2. 


Tl 


as tl 


This tendency is of course well known and i 


If the quality is to be 


for by the use in specifications of so-called ‘‘quality factors’’ 
by multiplying the elongation and the reduction of area respect 
With forgings of steel of a given type a 

the unavoidable slight variations in composition, 
duce variations in tensile strength. 
these variations should be accompanied by corresponding but opposit 
variations in the ductility values. 
might have a tensile strength of 85,000 pounds per square inch with 
elongation of 27 per cent, a tensile strength of 91,500 pounds per squar 
25 per cent, or a tensile strength of 
pounds per square inch and an elongation of 24 per cent, 
factor of tensile strength multiplied by elongation being in 
Specifications based on a sliding scale of 
quire increased ductility with lowered tensile strength. If 
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hand a fixed figure is set for the elongation acceptance is extended to 
a rings of the lower tensile strengths without a corresponding increase 

a ductility being required, and the tendency of the producer will 
a to aim at the lower tensile strengths as with these the required fixed 
ductility will be more easily obtained. In the plots of Fig. 1 and 2 curves 
mae aro corresponding to the minimum ductility requirements deter- 
mined by the quality factors of the specification. These parallel closely 
the general tendency of the points plotted and are evidently reasonable 
and logical minimum values. The horizontal broken lines plotted in the 
figures represent fixed values for elongation and reduction of area, If 
these were adopted as rejection limits many of the results plotted would 
be unacceptable, and to work to such limits it would be necessary for 

tensile strength and yield point to be kept down toward the lower 
limits. Consideration of the subject leads to the belief that the sliding 
scale for ductility requirements ensures a uniform quality of forgings 
to the consumer and tends to give a larger proportion of these forgings 

the higher tensile range. The use of fixed ductility requirements on 
the other hand imposes restrictions on the producer without giving the 
consumer any corresponding advantage. 

The A. 8. T. M. and A. R. A. specifications for annealed carbon 
steel forgings provide sliding scales for ductility and it seems to be logi 
eal and desirable to follow this established practice when specifications 
with more severe requirements are adopted. The state of the art has 
now advanced to a point when such specifications are being widely used 
and Mr. Greene’s paper should be of assistance in showing the advantages 
to be expected from the adoption of high grade carbon steel forgings. 


Written Discussion: By Charles McKnight, The International Nickel 
New York City. 


[ think that in the first part of his paper when Mr. Greene compares 
the nickel and nickel-chromium steels in the heat treated state to other 
forging steels in the normalized state, he has not given these materials 


the consideration they deserve and has unintentionally drawn an unfair 
comparison. 


Conclusions are also drawn that the unsatisfactory service of such 
steels in railroad service was largely due to inadequate ingot size and 
susceptibility to weakness from cracks originating in tool marks, bad 
fillets, ete. Mr. Greene will, I believe, readily admit that steels contain- 
ing nickel are no more subject to such evils than any other alloy steel 
and, for my part, I will go further to include any and all steels of equal 
carbon content and with similar heat treatments. 

Nickel steel has been increasingly used recently in locomotive con- 
struction as a normalizing steel. It is true that we have not been running 
as high as 3.0 per cent in nickel, due to economic considerations, and 
that we have not employed chromium at all, but we have, nevertheless, 
gotten excellent tensile characteristics and, as far as I am able to de- 
‘ermine, impaet and fatigue results which are as good or better than 


any others 
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My 
it be carbon, vanadium, manganese, chromium, molybdenum | 


we have about reached the limit in strength which can be ex). 
normalized and 


main effort lately has been to harp on the fact tha 


steel, that we have reached this limit by 
Personally, I believe that if th 
builder and user would be satisfied with a slightly lower 
and with a very much increased toughness as indicated by th 
of elongation and reduction of area, together with the impact a 
values, we all would be better off. For that reason, we hay: 
voeating the use of a fairly low carbon nickel steel. A _ typical 
would run:- 







toughness for strength. 


PPT 










Per Cent 


Carbon 0.20-0.30 









Manganese 0.70-1.00 
Silicon . 0,15-0.30 
Phosphorus . Under 0.05 
Sulphur . Under 0.05 
Nickel 2 00-2.50 









With such a steel, given suitable normalizing treatment, w: 
tain a yield point in the neighborhood of 60,000 pounds per square inc! 
tensile strength about 85,000 pounds per square inch; elongation 
per cent and reduction of area of 50-60 per cent with extremely) 
impact values and a high fatigue ratio. Such a steel is peculiarly suit 
Under the abuse of overheating | 
cooling, this low carbon nickel steel shows less tendency to heat-che 
with its consequent dangers than, I believe, any other steel. 
Returning for a 













for use as pins and axles. 


and Tra} 


moment to the quenched and tempered alloy steels 
while I am by no means an advocate of such a treatment for forgings 
of the size used in locomotives, I was, nevertheless, agreeably surpris 
in Europe to find that a great many of their reciprocating parts, pa 
ticularly piston rods, main and side rods and valve motion 
habitually made of high nickel-chromium steel quenched and temper 


and that they reported practically no breakage. 


work, we 


Oral Discussion 





H. J. Srem: Mr. Chairman, we have listened to an excellent pape! 





that has created quite a bit of discussion on the forging 
Having had more or less to do with railroad forgings at 





of locomotive parts 


a period three, four 














or five years ago, I believe that in making main rods and side rods, tha‘ 
particular stress should be laid upon reduction, that is the reduction that 
is given the steel from the billet to the finished forging. We will all som 
times try to beat the cost by buying billets near to size of forgings, «nm 
will give them a minimum amount of work to get them to the finished forging 
In doing that, we turn it over to an experienced man in the sho 


and he 
gives it a heat excessively high, and with the minimum amount of wor 
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‘nat js necessary to forge the rod into its shape, it does not receive the 
asia that it should, because we have gone back to the excessively large 
vatallizatic n induced by that high temperature of forging. Great stress 
should be laid on the forging operation. 

In Mr. Greene’s paper I am questioning only the second paragraph on 
oo 576, in which it says ‘‘ Fig. 4 shows the structure typical of such quenched 
ca tempered steel. The sample was taken from a driving axle 12 inches in 
vometer.’’ 1 do not thing it is right, or good practice, to quench any section 

ove 7 or 7% or 8 inches in diameter. I think perhaps Mr. Greene forgot to 
aaltiih this in his paper, but it should be mentioned to make it perfectly clear, 

4 not to be misleading to men who might not have had the experience. It 
< necessary in eases like that, in highly reciprocative parts, to hollow-bore and 

n give the treatment. 

\. A. Herzog: The railroad which I represent does not use quenched 
ind tempered locomotive forgings, for the reasons set forth in Mr. Greene’s 
‘mely and interesting paper, namely, the danger of failure due to internal 
deamis which have not been relieved by the tempering process. We have 
therefore confined ourselves entirely to normalized forgings, mostly of the 
straight carbon type, with a few carbon-vanadium steel forgings. We therefore 
gree with Mr. Greene that normalized or annealed forgings have certain 
,jvantages over quenched and tempered forgings for locomotive use, but 
there are one or two statements appearing in Mr. Greene’s paper which are 
ontrary to our experience. 

In discussing the disadvantages of quenched forgings, Mr. Greene says, 
\ further effect of the amount and segregation of the nonmetallic inclusions 
n quenched and tempered material is the ferritic segregation around or near 

impurities,’’ and he later makes the statement that well-defined ferritic 
segregation is seldom found in normalized forgings. 


During the past three years we have done a considerable amount of 


tallographie work on locomotive forgings and have found in many cases 


large amount of ferritic banding surrounding nonmetallic inclusions in 
normalized carbon steel forgings of the composition given in Mr. Greene’s 
paper. Although my experience with quenched forgings has been much more 
, I have found always a much greater percentage of normalized forg- 

ngs to show well-defined ferritic segregations or banding than was the case 
with the quenched forgings which we examined. I have with me some photo- 
micrographs illustrating this condition in normalized forgings which I will 
glad to show to anyone interested. Since it is generally admitted that 
‘erritic banding in steel is undesirable from the standpoint of resistance 
to shock and fatigue, and because of a number of failures of locomotive parts 
hat seemed to be traceable to such structures, we are now purchasing our 
important locomotive forgings to metallographic specifications, in addition 
the usual physical and chemical tests. These specifications require the 
steel to be substantially free from banding, in addition to limiting grain size, 
ind, as far as practieal, limiting nonmetallic inclusions. And, in parenthesis, 
[would say that I agree entirely with Mr. Edwards and Mr. Fry that the 
‘uthor’s Fig. 5 represents a degree of segregation or number of inclusions 
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that is very abnormal for locomotive forging steels, and w: 
hesitation whatever in rejecting finally and without recours Semin 
showing such a condition. ie 

Our specification has aroused considerable opposition an 
ducing locomotive forgings, as they claim that they cannot « 
trol banding in steel. We have, however, insisted, and are sietes 
forgings in which well-defined banding is absent and in whieh grai; aa 
ment and relative freedom from nonmetallic inclusions is sat 
are, of course, paying somewhat higher prices for such steel, but 
it is money well spent. 

Because of the controversy that seems to exist among steel men ; 
the harmfulness or innocuousness of ferrite banding, I would lik 
to hear some discussion on the subject as to whether we are justifi 
insistence on freedom from banding in our forgings from the st: 
current steel-making practice. 


L. F. Rem: Mr. Chairman, I am not a member of this organizat; 
but I was sent here by one of the greatest railroads there is in the U 
States to learn something about steel treatment, and I want to tell 
I would not take anything for the information that I have gained | 
these meetings. 


Now, in the last three years on the railroad that I represent ther 
been something like six thousand side and main rods manufactured. A 
them are carbon-vanadium steel, and if there has been three failures on { 
entire road in the last four years, I have never heard of them. Each mont 
I would assume, in Little Rock and Sedalia, there have been 200 rods n 
for the last 18 months, each month. Those rods are machined all over. 1 
forging of a rod, gentlemen, is where you get the good results, in m) 
ment. We try to heat to 2100 degrees Fahr. and never to forge to b 
1650 degrees Fahr. Now, whether that is right or wrong, I do not 
that is what I am here to find out. We hold them in a normalizing fur 
for about 18 to 20 hours. We pull them out and let them 
ordinary practice, to below 1000 degrees Fahr., then put them back in the 
furnace and carry them to 1300 degrees Fahr. and hold them for five or ss 
hours and then let them cool in the furnace, and those results have | 
shown, which would seem to indicate that the practice must be good, allt! 
it is being handled by men who know little about it. Personally | know 
about heat treatment, because my work is on the forging end. [| hav 
intimately connected with railroad forging for the last 22 years, as for 
of the North Little Rock Shops. The Missouri Pacific railroad employed 
gentleman, a heat treater, a few years ago and he has taught us a great 
about it, and if every railroad in the country would adopt the policy that ti 
Missouri Pacific has, I believe we would eliminate failures, absolutely. 

J. S. Vanick: There seems to be an astounding difference in the tom 
of the paper presented by Mr. Greene and the discussion by Mr. Edwards, where 
I think in Mr. Edward’s discussion, the keynote of the problem is sounce? 
in getting lower tensile and more ductility for the peculiar requirements | 
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steels. It seems to be necessary to satisfy their particular require 

‘th higher ductility in order to meet the simple anneal treatments 

they can apply until they can elevate their practice to properly treat 
niche! tensile alloy steels and perhaps train their shops and crews to a 
as si ‘lization of, and respect for, the importance of a proper treatment 


e the higher strength alloy steels. 


The failures described here as being service failures are all of alloy 
reals of the rather high carbon type. To meet the requirement. for lower 
¢rength and more ductility, nickel steels, (for instance, of the S. A. E. 2320 

are being produced, which are lower in carbon, and which improve the 

lity, perhaps at some sacrifice of strength, but meet the heat treatment 

‘tions which ire imposed, retain the toughness necessary for service, and 
id considerably to the fatigue life of forging steels of this type. 

R. S. MACPHERRAN: There were one or two references to the question 
¢ handed ferrite and its first cousin, ghost lines. It has seemed to me that this 
sa topic that this society might very well take up to determine the 

itive or the quantitative effect of ghost lines. The matter is always com- 
g up in the shop, we are all receiving, more or less, forgings in which ghost 
ines or banded ferrite occurs, and it has seemed to me to be a very good 
subject for someone to develop in the way of a paper for the next or some 
sequent convention. 


Author’s Closure 


. V. GREENE: I rather heartily agree with all the people who discussed 
paper in connection with the lowering of the ultimate strength and in- 
ising the ductility. I do not think there is any question about that for 
lueing better results and fatigue limits than the average quenched and 
tempered material which the shops have been using. 
In reply to Mr. Edwards, who asked about the elastic limit, I will say 
the elastic limit of all the tests, with the exception of those at the 
end, of normalized carbon steel, were taken with an extensometer, while 
those of normalized earbon steel were taken by the ‘‘drop of beam.’’ 
Mr. Edwards also spoke about the nickel-chromium steel, and I will agree 
with him that the heat treatment of the nickel-chromium steel was extremely 


r 


Also, he mentioned the results of quenching large forgings. Our 
ecification requires that large forgings, particularly axles and rounds, 
ld have a hole at least 20 per cent of the diameter. Consequently the 
| thickness is seldom greater than five inches. 
In Fig. 5, of 


the nonmetallic 


which considerable mention has been made with reference 
inclusions, that particular axle had failed in service. It 
was bought from a forging manufacturer (and not made by the railroad 
mpany.) As it happened, it was not the test axle. That is, we accept 
® test for a number on a certain heat and the axle that failed might have 
‘een near the top of the ingot, or anywhere,—we have no record of its heat 
‘atment, and no record, of course, of the test of the axle in its original state. 
Mr. Edwards also mentioned the size of the ingots. This is a big con- 
‘iceration when you think of a main rod. Not long ago we converted a 
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Mallet-type locomotive to a Santa Fe and the side and main rods 
large, the main rod had a bearing end possibly 23 inches wide 





DEVE 


a She 


you take a billet that is made from an ingot large enough to 
can see that one side has had practically no work at all, an 
has been extremely large, naturally, we have not broken down 
which might be there, or anything else, except as you can do in t! 
Mr. Fry also mentioned about the sliding scale idea for a 
ings, and, of course, that is what we use. I merely mentioned { 
tion in the paper on which smaller forgings, such as crank pins 
rods, can be bought if you pay the price. However, a great many 
using the A. 8S. T. M. specifications A20-21 entirely. | 
One of the last speakers remarked about quenching very 
[ heartily agree that nothing over six or seven inches should }y 
whether it has been hollow-bored or not. His remarks were very pertine 
Mr. Herzog in his discussion states that he has found ferritic segregs 
tion in normalized forgings. I did not mean to convey the impression that 
simply because a steel was normalized only, it would not show ferriti 
ing. There is even an instance of this in normalized steel in th paper 
Figs. 10 and 16 of manganese steel show a segregation of ferrite even in ¢! 
eross section. My intention was to convey the fact that normalized steels 
seldom contain a ferrite segregation that will be sufficient to cause a non 
uniform structure in the cross section. Incidentally it is claimed that fer 
ritic segregation in the longitudinal section unless it is very bad, can be a 
preciably reduced or entirely eliminated by a correct heat treatment 
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ON THE THEORY OF HEAT 
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in lime kilns and blast furnaces. The combustion is much more 
active against the wall. The hot zone then assumes the shape o! 
an ellipsoid. The length of the long axis of this ellipsoid ma) 
even exceed the height of the furnace. In the same horizontal 
cross section we may further find all the zones in close contiguity 
and on account of their proximity drops in heat occur betwee! 
them which tend to make the temperature in the furnace homo 
geneous. If this homogeneousness were complete, the shaft fur- 
nace would lose all its advantages and would not give a greate! 
efficiency than that of the reverberatory furnace. 

This cause of disturbance is too irregular to be calculated. I 
is the source of all the difficulties encountered in the operation 
of shaft furnaces. Its importance is of the same order of magn 
tude as that of the results of the laws of energetics. 


DEVELOPMENT OF HIGH SPEED STEEL HACK SAWS 
OR CUTTING OFF SAWS 


By Henry B. ALLEN 


Abstract 


This paper discusses the application of high speed 
teel to machine hack saw blades. A description of the 
hardening process brings out some interesting properties 
of high speed steel not usually apparent when dealing 
with the customary heavier sections. The steel 1s shown 
to be plastic for some time after hardening, even when it 
is above a hardness of 62-C Rockwell. Neither does it 
attain full hardness for a considerable time after becom 
ing quite cold. The relatwe performance of saws made 
of high speed steel and low tungsten steel 1s also shown. 


TT IIE greatest return per dollar spent is the fundamental prin 
ciple guiding present day manufacturing. The machine or 
tool which will produce the most for the least investment and oper- 
iting cost is usually the one used. Thus high speed steel revolu- 

tionized machining operations. 
It is true that high speed steel itself is several times more 


ostly than its predecessors, and its manufacture into tools is more 
‘ostly. 


But the service resulting from its use is so vastly greater 
than that which could be had previously that its adoption has be 
ome almost universal for production work. 


A large proportion 


h more of all metal used as a raw material for manufacture has, at some 


lape 0! stage, to be cut off into convenient sizes or shapes. It is this 


eration where the metal saw has its principal use. While there 
are many different types of metal saws, in the final analysis, they 
ill fall within one of the following classes: 


id ma\ 
rizonta 
tiguit) 
vet weel 
7 . Friction disks 

fur. 2. Fast running circular saws 

create? 3. Slow running circular or milling saws 

Band hack saws 
ted. It ». Reciprocating hack saws. 
eration A pape 


. presented before the ninth annual convention of the society 
magni- tid in Detroit, September 19 to 23, 1927. The author, H. B. Allen, a 


member of the society, is associated with the Henry Disston and Sons Co.., 
rhiladelphia. Manuseript received July 19, 1927. 
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The Friction Disk, which may have a smooth or a ; 
operates, as its name implies by friction. It literally m 
through the piece being cut. In order that enough hea' ' 
ated the disk is run at tremendous speeds, up to a rim spee 
miles or more per minute. It is used principally for cutting 
tural and tonnage steel to length, or, in general, where a gnoot) 
cut is not essential and where the heat developed will no 
air hardening checks in the work. 

The Fast Running Circular Saw is a toothed blad 
rates up to about 15,000 feet per minute rim speed. In some eagos 
it operates partly by friction, as does the friction disk, but oftey 
by pure cutting as when used on thin sections of softer nonferroys 
materials. 

The Slow Running Circular or Milling Saw, as its name 
plies, is operated according to usual machine shop practice and 
in the same fashion as does a milling cutter. The teeth may be in. 
tegral with the blade or may be removable. This type of saw may these 0 
be used wherever an accurate, clean cut is required. pores 

The Band Hack Saw is a narrow, thin continuous strip, wit! Pl 
teeth along one edge. It finds application for general cutting of a 
operations, and, except for thin sheet and nonferrous metals, runs 
at more or less conventional metal cutting speeds. 

The Reciprocating Hack Saw is so generally familiar to thos aete 


+ 
~~ 
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whose interests bring them in touch with metals that little need bi made 
said about the way it operates. In the past it has been largely used 
for miscellaneous cutting off work, generally of a nonproductiv 
nature. OF 
Each of the above types of saw occupies a field to which it has Se 
been found by experience best suited, both by character of cut and on 
eost. It may be said that the practice of sawing metals has become, - ad 
to a great extent, stabilized. But as in all lines of endeavor whe! oo 
a new development appears there is an unbalance set up. We then roduc 
have to review the entire situation to see where the new develo} 
ment can be applied to make the dollar earn still more. Such @ 
situation existed upon the introduction of modern high speed steel 
and such has arisen today in the more limited field of saws 10! 
metal cutting. 
It is difficult to name any new commercial development, 12 
or small, which has not been antedated by an idea of someone wh 
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»¢ before has had the vision to see the future possibilities and 

snticipated applications. Shortly after high speed steel appeared 
a find reference to the feasibility of its usage in that manner which 
- the subject matter of this paper. Only a few years ago, such a 
evelopment appeared on the market. But as is apt to be the 
ase. some factor, either cost or otherwise, prevented its wide use 
intil now. 

An interesting fact in the history of metal cutting is that the 
irect survivor of the oldest metal cutting tool known to man, the 
hack saw, is the latest one to be made out of that master tool steel 
of the age, high speed steel. The lathe tool, the drill, the milling 
utter, the circular saw, all of which form the foundation upon 
vhich modern mechanical production is based, have made possible 
ir progress during the past 30 years by reason of adoption of 
high speed steel in their manufacture. The hack saw, on the other 
hand, until today was at the same stage in its development that 
these other tools were when the high speed steel first made its ap- 
pearance. 

Plain carbon tool steel during the last century was used for 
hack saws as it was for other tools; the only distinction being that 
the carbon content was apt to be made very high, (in the neighbor- 

od of 1.20 per cent or higher) or up to the point where the blade 
became too brittle. The real reason why such a high carbon steel 
made the best hack saw was made apparent upon the introduction 
{the microscope for the study of steel, at which time the effect of 
the nature and distribution of hard carbides become known. 

Following the introduction of low tungsten tool steels they 
were found to be admirably suited for hack saws and were largely 
idopted. Here again the carbon content was often made high, tak- 
ng advantage of the very hard carbide particles resulting there- 
rom. Today, except for the high speed steel blades now being in- 
iroduced, the large majority of hack saws are made of such steels. 

Mention should be made of a saw lately introduced, made of a 
ery high (around 12 per cent) chromium steel with high carbou 
and some molybdenum and cobalt. In light of the remarks made 
above concerning carbides the application of this steel is interest- 
ing as it is literally packed with carbide particles. As might be 
*xpected, a cutting tool made of it will last longer than one made 
{the usual steel. 
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Why is it that high speed steel is only at this late , 


being 
commercially 


used for hack saw blades? The mechanically 


LiCa 










operated or machine hack saw is in its field a very economical tog) 
Its use is steadily increasing. Statistics’ show 652 hack saw ma. 
chines produced in 1923 and 1499 in 1925. The hack saw blade js the 


simplest form of saw; merely a strip of steel with teeth alone th, 
edge. The answer to the question asked at the start of this parg 
graph is a paradox; the very simplicity of the saw has until y 


made the application of high speed steel to it commercially not 


OS 











isble. The consumer has in the past considered the hack ¢ 


aW 
blade, as also the file, merely a tool for which he pays a few cents. 
uses, Or misuses, until dull and then throws away. This habit , 
mind has made commercial application of high speed steel to hae 


saws impossible until the makers could produce them at a sufi- 


ciently low cost as well as make a tool that would cut much better, 
The hack saw machine builder has also played his part by produc 




















ing a machine which now ranks in a place among modern pro 
duction machine tools. 

Let us briefly trace the development of high speed steel heat 
treatment. As a result of Taylor and White’s discovery of how t 
heat treat the forerunner of our modern high speed steel to bring 
out its useful properties, entirely, new technique and equipment 
had to be developed. 

Even at that day when the use of carbon tool steels was cen 
turies old and simple alloy steels had been made into tools for years, 
the equipment available for their exact heat treatment was, as we 
know it today, almost nonexistent. Consequently the first applica 
tions to which high speed steel was put were of the simplest, such 
as lathe and planer tools. Their heat treatment was comparative 
ly easy. The nose of the tool had merely to be brought wp to: 
bubbling heat and quenched. A forge fire was all that was needed 
The blistered skin could then be entirely removed by grinding down 
to normal metal. 

Tools more difficult to heat treat could not be made of high 
speed steel until better hardening equipment was devised. Suc 
progress was made and soon more delicate tools such as milling 
eutters and twist drills were produced. Not nearly so much blist- 
ering and burning on the surface could be tolerated from harden 








iPprivate communication with Iron Age. 
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‘ng, still the cutting edges could be afterwards ground. At this 
ame time high speed steel circular saws, which fall in the same 
ategory, made their appearance. 

Perhaps the next stage in the development of high speed cut- 
‘ing tools might be considered to cover such tools as taps and dies 
vhich could not, at that time at least, be ground after heat treat- 
ment. Their requirement meant a hardening method which would 
n no way alter the previously finished cutting edge of the tool. 

The next advance, which brings us up to the present time, 
overs the machine hack saw blade. This tool, which is commonly 
made in sizes of from 12 to 24 inches long, 1 to 11% inches wide, 
1049 to 0.065 inches thick and with from 6 to 14 teeth per inch 
along one edge, is not ground in any way before or after heat 
treatment. Its shape is such that in hardening as much considera- 
tion must be given to straightness as to proper hardness and 
toughness. 

The blades in question are made from blanks sheared from 
inealed hot-rolled high speed steel sheet. A typical steel com- 
position used is: 

Per Cent 


CE ee oka ad okeves tats anne oe CS 
Chromium 3.80 
ES Dita Mian ous 0 o6 es oO ns 0H Rede oe ee ee 
WTR ey. ofr Hk od cre einai ie kvecenr Ie 


Inasmuch as the final cutting points of the saw are formed in 
the original surface of the sheet as it comes from the steel mill, 
the sheet must have a good surface. For the same reason even a 
trace of soft bark or skin cannot be tolerated. This entails the 
best mill and annealing practice. 

The sheared blanks are clamped on a long milling machine 


ed and the teeth milled, after which the ends are trimmed to 


‘ape and holes punched. The blades next go to setting machines 
which bend the teeth over for about 0.008 to 0.010 inch, thus giv- 
ing the saw the necessary side clearance. It is interesting to note 
in this connection that the teeth are set over a little further than 
8 desired in the finished saw, the reason being that the teeth tend 
‘0 return to their original unbent position when heated to the high 
hardening heat. The amount of final set plays an important part 
in the performance of the saw. 


The blades then go to be heat treated. To insure uniformity 
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the blades are hardened separately. By this method they come un 
to heat quickly, lessening the danger of overheating the tecth wh; 
waiting for the back to reach temperature. While the operation 
is not critically sensitive, the temperature must be under accurate 
control to within 25 degrees Fahr. and the timé at high heat ; 
within 5 seconds. | 

For hardening, the blades are hung, through the hole jy One 
end, on a spider made of heat resisting alloy rod. From 6 to 19 
blades constitute one batch and are so mounted that each blade 
receives the heat at nearly the same rate and is not blanketed by 
another. The preheating is done in a vertical cylindrical oa: 
furnace using no muffle. A loaded spider is lowered into the furnace 
and held until thoroughly soaked out. A temperature of 1700 
1750 degrees Fahr. is used. It is needless to say that the proper 
furnace atmosphere is maintained. 

The high heat furnace is also a vertical gas furnace, but in 
this case it is equipped with a muffle. Proper furnace and burner 
design insures uniformity of temperature from top to bottom dur. 
ing operation. Uniformity of temperature in the work is im. 
portant not only for the cutting teeth but also to prevent distor. 
tion of blades in quenching. After a preheated batch of blades 
is lowered into the high heat they require from 1 to 114 minutes 
depending upon thickness, for proper heating. A oo. 
from 2325 to 2350 degrees Fahr. is used. Despite the fact that 
some brands of full high speed steel can be hardened at bel ow 2300 
degrees Fahr. so as to show after tempering a high hardness, the 
writer’s experience has been that better performing tools result 
when such steels are all put through the higher range of tempera- 
tures. And such can today be done commercially without injur 
ing the most delicate tools. 

After soaking at high heat the charge is withdrawn and 
quenched in oil. The oil is kept hot, at about 300 degrees Fahr. 
and the blades are lowered vertically and slowly into it. If the all 
is too cool, warpage occurs as it does also if the speed of quench 
is too rapid. If the blade is quenched out of vertical in the way 
that the tooth edge enters the oil ahead of the back, the blade W il 
be warped so that the tooth edge is concave, and vice-versa. By 
quenching vertically the blade will come out as straight as it was 
prior to heating except for some tendency of some blades to how. 
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his condition is to some extent beyond the power of the hardener 
c prevent. It may be tied up in the past history of that par- 
‘oylar sheet or strip of steel from which the blade came. It seems 
. be true in general of fine-grained steels and of the sluggish high 
eyed in particular that any exceptional strains put in the piece, 
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Table I 
Hardness and Ductility of High Speed Steel Saws at Various Time 
Intervals after Leaving Quenching Oil 
Size—14 x 1 x 0.065-inch 


time after Temperature of Hardness Permanent Set 
Leaving Quench Steel-Approx. RockwellC-Scale 2%” Bend 3” Bend 
Minutes ) Deg. Fahr. 
11% 175 53-57 a 
5 120 60-62 54” 
10 70 63 56” 
15 70 63-64 7/16” 
25 7 64 uy,” 
60 7 64-65 Not broken Broke 
120 70 64-65 Not broken Broke 
180 70 64-65 Not broken Broke 
1080 7 65 Not broken Broke 


Temperature of preheat—1700°F. 
Temperature of high heat—2350°F. 
lime in high heat—1 min. 30 sec. 
'emperature of quench—290°F. 


even as far back as hot rolling, will persist and appear in the form 
of distortion or strain after the piece has been through the high 
iardening heat. This is the same principle of behavior mentioned 


in connection with giving the teeth a little extra set to allow for a 


slight straightening up in hardening. 


Before the blades are cooled to the temperature of the quench- 
ing oil, they are removed and taken off the spider. After the excess 
ol has been removed and while they are still somewhat warm they 
are Inspected individually and any that are warped are hand 
straightened by a simple bending. A blade at this stage is quite 
pliable and remains so, though to a lesser extent, for some minutes 
ter it has reached room temperature. The figures given in Table I 
‘compiled from test data, shows the relationship between hardness 
and pliability. The test for permanent set consisted of springing 
the blade into a bow, having either a 214 or 3 inch chord, by a 
pressure in line with the axis of the blade. After releasing the 
Pressure the permanent set was recorded by measuring’ the chord 
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of the bow which remained in the blade. Between a | 


and oy 
hour after quenching is the average time before the steo! “eg e 
its full hardness. A longer time is usually required for th. rer 
to lose its pliability entirely. 

This stage of pliability shown by hardened high speed Steel js 
of course, of considerable practical value and is made use of 7. 
the manufacture of other lines of products. It also points out th, 


Low Tungsten 









a 


High Speed Stee! 








1—Compariscn of Toughness Between Old Type Low Tungst: 
Blade re New Type High Speed Steel Blade. 











danger, especially where accurate research work is being done, 0! 
using hardness readings taken soon after hardening. 

As the saws are inspected after hardening, and straiglitene 
when needed, they are put under moderate pressure in a clalu| 
This allows them to cool evenly in a straight condition. When 4 
furnace load of jigs are ready they are charged into an electr 
tempering furnace where they remain for a 30-minute soak at 10 
degrees Fahr. Tempering, even under considerable pressure, he 
little, if any, straightening effect on bent high speed steel blades 
With carbon or low tungsten tool steels, on the other hand, t! 
amount of straightening that can be done by tempering, even al 
400 degrees Fahr., under pressure is remarkable. It is essential 1 
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| cases that the pressure be on while the steel is coming up to 
tempering heat. 

After heat treatment the ends of the blades are semi-annealed 
,round the clamping holes. This is to give that part of the blade 
hy which it is held in the machine sufficient ductility to stand the 
aeiee of service. They are next given a very light sand blast- 
ne to clean off any light scale from the sides and are inspected 
for hardness and mechanical quality, hammer flattened where 
needed, oiled and packed. 

Many people, even among those working with tools, think of 
high speed steel as being inherently brittle. It is usually a source 
of wonder to those people when they are shown a fully hard high 
speed tool thrown down upon a cement floor without breaking. A 
carbon steel tool of the same hardness throughout would shatter. 
The same distinction is true between a tungsten and a high speed 
steel hack saw. Fig. 1 itiustrates the comparative toughness by 
showing each blade bent to its maximum amount before breaking. 

Much could be said about the mechanical features of the high 
speed steel hack saw blade, as this phase of the subject is of great 
nterest. The best tooth angles, clearances, spacing of teeth, hard- 
ness of the material being cut and at what speeds and feeds; all 
of these points are equally as interesting as the manufacture. To 
vive a general idea of the relative performance of a high speed steel 
versus a tungsten steel blade some data from cutting tests are 
viven in Tables II and III. 

It is unfortunate that the old original name hack saw which 
implies a crude saw for hacking through something hard still per- 
sists. The saw has now taken its place with the other modern 
machine tools and it is hoped that some one will suggest a more 
appropriate name for it. Possibly the name Cutting-Off Saw 
would be appropriate. 


While this paper has only discussed the so-called machine hack 
saWs, there are other types, the most important ones being the hand 
hack saw familiar to all garages and many homes, and the band 


hack saw. Hand operated tools are slowly but surely being re- 


placed by mechanical operation. The band saw is power driven 
and is largely used. Whether or not high speed steel has a possible 


application here also has not yet been fully determined, but if so, 
it will be used. 
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Table II 
Comparative Performance Cutting Unannealed Too! Stee! 
Regular Low Tungsten vs. High Speed Steel Machine H 
14” x 1” x 16 Gage x 10T. 
Material Cut: 0.90 per cent carbon, 0.70 per cent manganese, open 
unannealed billets 4” x 4” square with scale on—Brinell numbe: troatn 
Peerless Universal Shaping Saw Machine was used 7 
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High Speed Steel Blade.... 1 
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Table III 
Comparative Performance Cutting Machinery Steel 
Regular Low Tungsten vs. High Speed Steel Machine Hack Saws 
14” x 1” x 16 Gage x 8T. 
Material Cut: 0.35-0.45 per cent carbon steel 5-inch Rd.—Brinell num! 
Peerless Universal Shaping Saw Machine was used. 


Type of Saw 


Speed, R. P. M. 
Number of Cuts 
Time of First Cutting, 


Minutes 


Low Tungsten Blade ... 89 


Co 
High Speed Steel Blade.. 130 


Ver 


—_ 

on 

an 

Si Average Time Per Cut, 
bo ex Minutes 

a = Square Inches Per Hour 
mS Time of Last Cutting, 


hs 
So 
oO 


(Test discontinued; blade still in good cutting condition) 


It is not the writer’s intention to claim anything said here 
in connection with the manufacture of the tool in question dis a 
closes new matter about high speed steel. Many of you have un sa 
doubtedly carried out equally, if not more difficult, heat treatment bef 
operations. Most of you are without doubt familiar with the proper 
ties of high speed steel, such as have been illustrated in the manu- 
facture under discussion. Theories to explain these properties have 
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yeen published and are constantly being tested. But it is the writ- 
sr’s hope that this discussion has been of some interest as illus- 
watlan one commercial application of a new use for the most 
remarkable of all present day tool steels; and as worked out by 
applied metallurgy, a branch of which after all is modern heat 
treatment. 

The writer takes this opportunity to thank Henry Disston & 
Sons. Inc., for their permission to publish the information given, 
and George Satterthwaite, vice-president, for his helpful sug- 
gestions; also members of the writer’s staff who have aided in col- 
lecting the data. 


DISCUSSION 


Written Discussion: By H. M. German, metallurgist, Universal Steel 
, Bridgeville, Pa. 

The high speed hack saw has a distinct field in cutting very hard and 
tough steels and such alloys that are almost impossible to cut with the 
tandard low-tungsten hack saw. This field is limited. An estimate of the 

ur largest manufacturers of hack saws in this country shows that ap- 
proximately 60 per cent of all power hack saws are used in sawing soft 
nd machine steel, 20 per cent in sawing annealed tool steel and the 
balance for miscellaneous purposes. The adoption of the high speed hack 
saw has not become almost universal for production work. This state- 
nent is backed by the records of the compnay with which the writer is 
associated and which supplies’ a very large percentage of all the hack 
aw sheet steel used in this country. The fact that high speed saws have 
come into more general use may be attributed to the following causes, 
namely, the increased cost of the saws with the accompanying great loss 
hen saws are broken before the saws are worn out, and the cost per cut. 

A hack saw is an unground brittle tool that is possibly more abused 
than any other metal cutting tool. Consider a common size of power 
hack saw—12 inches long, by % inch wide by 0.049 inch in thickness that 
has a Rockwell hardness of 61 to 65 C. This blade is operated under a 
heavy tension, usually limited by the strength of the operator’s wrist, at a 
speed of 50 to 150 strokes per minute, and under a pressure of 60 to 
160 pounds. Manufacturers recommend a given speed, pressure, design of 
teeth, number of teeth per inch for cutting different classes of material, 
but the advice is not always followed and increased breakage is the in- 
evitable result. Under ideal conditions where the speed, pressure, and 

are accurately controlled, a surprising number of saws break 

» they are worn out. In a recent test covering four different makes 
high speed hack saws, approximately one-third of the saws broke 
before they were worn out. In several instances the saws broke at the 


ey 


L\ 


ension 


during the first eut due to the ends not having been tempered properly. 
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The loss of a standard 12-inch power saw blade means on u 
while the loss of a high speed blade of the same size is sixty 

It is not possible to get the full benefit of high speed st 
saws as obtained in a lathe tool, as the latter is operated unde: 
speed and pressure to take advantage of its property of r 
whereas nothing approximating red heat is obtained in the 
a hack saw. The present hack saw machine is limited to ap 
150 strokes per minute and the pressure to be within the 5 
limit of the saw should be under 160 pounds. The increased 
ability of a high speed hack saw cannot therefore be attributed 
property of red hardness, but it is due to the presence of 
nodules. of free carbides which not only resist abrasion but presey: 
number of very fine cutting points, thereby protecting the cut 
and enabling the saw to cut longer. By a suitable heat treatment 
modification’ of the low tungsten hack saw steel it is possible to 
a finished saw containing these free carbide nodules that 
substantial increase in endurance and speed .over the 
tungsten saw. 


incre 18 


a hard 


rot) 
eT } 
Crablor 


ate Work 







hard, stat 






\T j 
prod 







Will show 


standard 


In the present age of economy, the cost per cut is the predominant 
factor in the adoption of any eutting tool. The cost should includ 
only the cost of blade per cut, but also labor, output per machin 
maintenance per machine. Results should not be based on a few 
but rather on the average of a reasonable number of saws. It is imp 
sible to draw any cost conclusion from the two tests as shown by Mr. Alle: 
in Tables Il and III for the following reasons. First—The pressur 
the tests are not shown. Second—The kind of lubricant, if any, is 
stated. Third—The speed in revolutions per minute of the low tungst 
blade is too fast for cutting unannealed tool steel and is too slow 
cutting machinery steel. A committee composed of members ot 
four largest hack saw makers and one hack saw steel manufacturer 
appointed -to recommend the most efficient operating conditions for low 
tungsten hack saw blades after a series of preliminary tests specified 
for cutting unannealed tool steel a speed of 60 revolutions per minut 
and 75 pounds pressure, and for machine steel a speed of 138 revolutions 
per minute and 75 pounds pressure. Fourth—The results of only t 
tests are shown and one was not complete. 

A brief summary of the results from a number of comparative tests 
show that in endurance the high speed saw is from three to five times 
greater than the standard low tungsten blade, in tests that the saws we 
run until they were completely worn; the ratio being greater in ver) 
hard material than in soft material. This difference in endurance is less 
than the above amount of tests in which the saws break prematurely 1! 
operation are included. In time of cutting, the ratio varies according t 
the pressure on the saws, the hardness and the microscopic structure 0! 
metal being cut. The only way to compare the cost per cut between high 
speed saws and low tungsten saws on any particular metal is to make 4 
































1This modification and treatment 
the Universal Steel Co. 


is covered by U. S. Patent No. 1,616,564 s1g 
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viee test, using a large number of saws, operating each kind 
nditions that will give their most efficient results, and keeping 
jJete cost on all operating conditions. Some users have tried 
need saws and found them to be cheaper than low tungsten saws 
ner eut, while others have found them to be more costly. Judging 

the amount of low tungsten steel that is being used for power blades, 

‘; no indication that the adoption of high speed hack saws has 
scome almost universal for production work. 

fhe inerease in Rockwell C hardness, as shown in Table I, between 

dings taken after quenching when the saws have reached room tem 
erature and readings taken several hours later is due to the metallographic 
ryeture attaining equilibrium and is termed aging. This is also true 

low tungsten hack saw steel and of those steels that acquire an 
istenitie-martensitie structure in quenching. 

Band hack saws were used in England during the War period for 
utting off saws. In their manufacture, the bands were toothed and 
eet in the usual manner. In hardening, each tooth was hardened individu 
y by friction heat generated by the pressure of a close-grained emery 
wheel against the point of the saw tooth. When the saw become dull 
the grinding and hardening operation was repeated until the saw had 
ost its set. The teeth were then sheared off, retoothed, set and hardened. 

retoothing operation was continued until the band become too narrow 
for use. 

Mr. Allen is to be complimented for the clear presentation of the 
manufacturing operations in the making of a high speed hack saw. 


Oral Discussion 


C. 'T. PATTERSON: I would like to ask Mr. Allen about cutting the 
igh chromium steels that are rapidly coming into use. They are very tough 
ind hard to eut. I have seen many hack saw blades whose teeth would wear 
ight off. | have an idea that the points of those teeth must get pretty hot. 

would like to know what you think about cutting those very tough steels. 

H. B. ALLEN; Our experience has been in cutting steels of that char 

that the blade made out of high speed steel would in many cases cut 

an ordinary blade would absolutely fail. One case I have particularly 
mind is cutting Nichrome, in billets say four inches square. The manu 
facturer was struggling along with regular low tungsten blades and using, as 
i remember, about two blades per cut. He tried some blades of high speed steel, 
ch he is now using, and gets, I think, twenty four cuts before the blade 
Nichrome is pretty tough stuff to cut. ‘We have had the same experi- 


hee ¢utth 


ug the kind of steel you mention; I suppose you mean the 12 per cent 
hromium steel, high carbon. 


U. T. PArrerson: Not necessarily high carbon; all of those chromium 


steels, from 12 to 30 per cent chromium, with or without nickel. 
H. 


ver the 


B. ALLEN: ‘he difference in performance of the high speed blade 
regular blade is the same as the difference in performance of high 
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speed steel in a milling cutter, for example, over what a ear 
tungsten cutter would do. 
CHAIRMAN J. A. MATHEWS: I believe it is too early yet ¢ 
the final outcome will be on high speed hack saws. Some of us } 
the business long enough to remember how the proportion with reo 
bon twist drills vs. high speed twist drills changed and also bety 
cutters and high speed cutters, and we will have to watch the sam 


along for a few years with hack saws before we know what the fi 
will be. 















Author’s Reply to H. M. German’s Discussion 


Among the interesting points raised by Mr. German in his 
high speed steel machine hack saws have not been almost universally adopted 
in place of the older variety, and also that their field is limited . Actu 
they have been so recently introduced, only to any extent in the last year 
two, and their use is increasing so rapidly that no one can say today w hat 
be the final extent of their application. While it is quite true that 1 
speed steel hack saw will cut material successfully of a hardness that | 
low tungsten blade will fail on, our records show that only a small percent 
of high speed blades made are used for such work. The majority are beir 
used for cutting not only annealed tool steel but structural steel, pipe and 
machinery steel. Undoubtedly the profitable use of high speed blades 
such work is aided by the better present day design of machines for « 
them. 

The statement that the hack saw is a brittle tool really applies n 
the low tungsten variety. Due to its thinness, an all-hard hack saw, as 
tinguished from the type hard on tooth edge only, is of equal hardness thro 
out its cross section. In other words, it cannot be made having a softer, 
tougher core, no matter what kind of steel is used, as can a chunky tool mad 
out of shallow hardening steel. But it is well recognized that properly hard- 
ened high speed steel is considerably tougher than most other types, par 
ticularly the low tungsten high carbon variety such as goes into the old typ: 
hack saw. Experience is showing that the amount of breakage in high speed 
blades is remarkably low even though operating at increased speeds and feeds 
























commensurate with a high speed steel tool practice and some under adyers 
machine conditions. 
Mr. German says that the full benefit of high speed steel in hack saws 


cannot be obtained as with a lathe tool, as the latter is operated under i! 
creased speed and pressure to take advantage of its red hardness property 
whereas nothing approximating red heat is obtained in the operation of a ha 
saw. In the first place the manner in which a hack saw cuts is quite different 
from that of a lathe tool. The cutting point of the latter is continuously buri 
in the work and cuts through the medium of a false edge built up on the ' 
nose. A hack saw on the other hand, cuts in much the same fashion 4s does 
a milling cutter, and we know that through improvement in steel and heat 
treatment and also the design of milling machines the use of high speed steel 






(Continued on Page 6387) 


PATENTING OF STEEL 


By J. S. GLEN PRIMROSE 


Abstract 


The mechanism and purpose of the special form of 
heat treatment known as ‘‘patenting’’ is explained, and 
the different forms of furnaces and heating used are 
described in detail, from the coal-fired ‘‘bee-lhive’’ to 
the surface combustion continuous form. The different 
classes of steel commonly treated for particular purposes 
are described, and the general practice and methods of 
overcoming faults are discussed from the point of mew 
of physical properties and the accompanying micro- 
structure. Micrographical details are included of the 
numerous wire specimens examined to ascertain the best 
methods of control to ensure satisfactory production 
of the highest quality of finshed wire. 


TT HE heat treatment of steel in the form of rods or wire by the 
so-called ‘‘patented’’ process is a commercial application of 
, somewhat unusual method whereby an almost overheated struc- 
ture is imparted to the metal with beneficial results. If it were 
truly overheated, the result would be a dangerous brittleness, caus- 
ing the material to break up into short lengths either in the coiling 
process, or in the subsequent acid cleaning tanks. This effect is 
seldom accomplished, except under bad management, but the valu- 
able physical property imparted by proper ‘‘patenting”’ is that of 
enabling the rod or wire to be drawn down to a much finer diameter 
without any intermediate annealing, and to enable the final 
product to attain a much higher tensile strength, and toughness 
under torsion test, than would be possible without the aid of 
this heat treatment process. 


The mechanism of the process consists in raising the tempera- 
ture of the metal steadily to a range, depending upon the diameter 
{ wire concerned, well above the critical point of the steel involved, 
secondly the maintenance of this temperature for a period neces- 


ae paper presented before the ninth annual convention of the society 
eid in Detroit, September 19 to 23, 1927. The author, J. 8S. G. Primrose, 


nember of the society, is metallurgical and testing engineer, Manchester, 
and. Manuseript received August 15, 1927. 
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sary to allow of complete diffusion of the carbon conten 


ind the 


growth of the crystal grain size to the maximum allowa| 
sectional area, and then this is followed by a sufficie; rapid 
rate of cooling to bring about the retention of the dispersed cay 
bide in the state of maximum sorbite. It will readily 

that to achieve this purpose consistently with a number of 


L WI1Tes 


simultaneously undergoing treatment, considerable personal 
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al 





tention is required to ensure success, since the numerous { 





actors 


militating against a perfect result are not all capable of scientif, 
control, and therefore a skilled and reliable set of operators work 
ing consecutive shifts is a valuable asset if quite extensivy, 














and 





serious failures are to be avoided. The study of the correc 








temperatures and speeds for varying carbon contents and 





Wire 
sizes is one of the most interesting problems which occurs ) 














practical metallurgy, and very close co-operation between the scie1 





tific control assistants and the operatives is necessary, particularl 





as modern steel-making conditions necessitate a constant watch op 





both new and old factors which may cause periodical trouble. 
which is often difficult to overcome instantly. 
Naturally when the question of heating accurately is so active 











ly connected with successful operation, numerous experiments 
have been tried out to bring about the best results attainable wit! 
the least possible difficulty, and it is proposed to compare th 











oldest English method and some of its modifications, with what is 
understood to be the latest American achievement in the process 











of ‘‘patenting’’ steel for wire drawing purposes. The original 
intermittent method employed the direct flame contact with th: 
material, and although thermal efficiency was thereby kept high, 
ordinary coal-firing was not reliable enough due to the fluctua 
tions, and producer gas has had to be substituted, where oil 1s 
not readily available. The next step was to enclose the heating 
chamber into a muffle form, which gradually lost its round shap 
and became elongated to the present length of fifty feet, whicl 
is almost universal in the continuous furnaces. From seven to 
ten fire-places were often needed to keep up the temperature re 
quired when coal or coke firing was adopted, but careful observa 
tion soon enabled three properly placed deep fires to perform 
the heating operation through the firebrick muffle walls. Instead 
of the curved muffle, many furnaces now employed for ‘‘patent- 
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‘tted with tubes or ‘‘quarries’’ which are formed by 
sel) together a number of four-hole bricks lengthwise 
. desired overall dimension, and side-by-side to take thirty or 
roety wires, passing two through each channel. The deepening 
fre-places eventually developed into proper gas producers for 
ine. and by the use of deflecting flues, one central gas source 
» heat thoroughly from end to end the passages beneath and 
pove the muffle. One very appreciable effect of the recent coal 
‘ike in England has been the replacement of the coal-fed pro 
lucers by simple type oil burners, which are not only much more 
aficient as heaters and easy to control, but have proved exceed- 
nely economical in operation. The expense of town gas in Eng- 
and has so far prevented the adoption of this form of heating for 
tenting furnaces, and the same restriction applies to electrically 
nerated furnaces, but both methods have been put into success- 
ful operation in America. The abandonment of the electrical 
heating in America was brought about by the excessive cost, in 
spite of the excellent quality produced, particularly when it was 
ompared with the most modern method of town gas burned in the 
nen heating ehamber under the conditions of radiant heat from 
the surface combustion method. The special advantages of this 
he enumerated later. 
Bee-hive furnace. The old English method of patenting rods 
wire is still practiced in certain works at the present time, ana 
vhen skillfully conducted by long practiced hands, it certainly 


1] 
elds 


material which gives remarkable results when drawn into 
vh-strain wire, particularly in regard to torsional test values, 
it the slightest carelessness, or wilful neglect can yield most non- 
homogeneous material with unreliable and inconsistent physical 
test results. Neglected furnace conditions and deficient regenera- 
tion of the heat of the spent gases also may lead to trouble, but the 
ell-designed bee-hive with good gas producers maintaining a steady 
supply of gaseous fuel are difficult to beat for quality of produc- 
ol, although the quantity of their output per man-hour is cer- 
tainly not large. The arduous and hot task of loading and unloading 
the single furnace, is a job which not many men can be brought 
to face year in and year out. 


When the burning gases leave the combustion chamber placed 


; the bys ‘ 


ick of the conical or bee-hive shaped heating chamber, they 
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circulate upwards around a fireclay bollard set in {| 
the hearth, and then escape to the checkers for regen 
poses. The coil of rod or wire to be treated is placed 
set down somewhat to the left hand side of the fun 
the small aperture through which the first end is guided jy 
operator until it is hooked to the top of the bollard’s oi, 
ference. A pedal is depressed which engages the externa] 



































to rotate the bollard inside the furnace, and the whole coi! 














) 
ail, 


gas is put on, and from fifteen to twenty minutes time 
raise the temperature of the outer layers to between 1740 and 18 
degrees Fahr. (950 and 1000 degrees Cent.) Another similar pe 














(1050 degrees Cent.) and then the coil is ready to be drawn out 
the reverse direction to that of its entry. During the waiting ti 
the workman has connected a stout wire to the projecting end 

















wide and provided along its entire length with small heaps of sai 
through the center of which the wire passes to a collapsible s) 

eapable of being driven at any desired speed. At this extreme e 
the worker takes his place and winds the coil of wire out of | 

















what excessive scale, and then through the heaps of sand to | 
far end of the channel and thus, still hot, on to the swift. 
cooling is partly accomplished by the sand heaps, and to prev 
the portion in contact with the wire from becoming too hig! 
heated and thus defeating its object, a hand wheel is slowly tun 
by the operator to move the hot wire from side to side of the cha 


























periscope fashion enable the workman to observe at what posit 








good patenting is reckoned to accompany the cooling throug! 
recalescence point down to this temperature within half the leng 
of the passage to the collapsible winding swift, the speed of w! 














treatment. 





al gearing 
L 1S guided 
wap by wap on to the bollard, an operation which requires carefy 
watching all the time, and occupies from two to five minutes jo 
pending upon the gage, and thus the length of the two hundyee 
pound coil which is the weight commonly treated in one run. Fy 


IS taken to 


elapses in raising the temperature if required to 1920 degrees Fahy 


the coil and passed it along a 100-foot iron channel, about one foo’ 


furnace, over several small guide pulleys to break off the som 


nel by means of guide forks. Two mirrors placed in horizontal 


in the channel length the visible red disappears from the wire, an‘ 


is regulated accordingly to suit the size of rod or wire wnt 


. } 
| sort 


sand, ] 
ble Ti 
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Obviously the sand used in this process must be perfectly dry, 
shorwise an excessively quick cooling would result in places, and 
brittle places, due to the formation of martensitic needles instead 
* corbitie erystals, would result. Neither must there be too much 
wal, nor the heaps be placed too close together, or the most desir- 
ble rate of cooling would not remain consistent throughout any 
sein run, and again irregularity would result. The most obvious 
liserepancy however arises from the fact that as it takes an appre- 
siable time to get the coil both in and out of the furnace, the first 
end which goes in, is naturally the last to emerge, and therefore it 
may have been in the furnace at the highest temperature, as much 
as ten to twenty minutes longer than the other end. Thus a con- 
siderable difference is likely to occur, and often does occur, be- 
tween the size of the erystal grains at the back and front ends of 
the wire after it is drawn down. This leads to quite large 
Jivergencies in the physical properties, and the reason is perfectly 
bvious from a simple microscopical examination, which reveals the 
relative size of erystal grains produced, and the long and short 
fiber wire resulting from the extremes when drawn down by sev- 
eral passes. In spite of this draw-back, however, close attention 
to the furnace temperature control, and of the withdrawing speed, 
enables comparative uniformity of product to be regularly achieved. 
Continuous Furnace. This form of patenting furnace ap- 
pears to have been developed about the same time as the tubing 
furnace was introduced for softening the wires being galvanized 
by the Bedson continuous process. The temperatures required for 
patenting were somewhat higher than for annealing, but the con- 
struction of the muffle type of heating chamber with tubes for the 
passage of the wire is exactly similar, and readily lends itself to 
the recuperative principle of utilizing the heat of the escaping pro- 
ducts of combustion on their way to the chimney stack. The coils 
‘rods or wire are placed horizontally on swifts at one end of the 
furnace, and are drawn through the tube-like passages in the muffle 
at the required speed to suit their carbon content and the gage size. 
After they emerge from the hot end of the furnace at a bright red 
ieat, well over the recalescence point, they are cooled in either 
it three ways before being coiled on the revolving blocks of the 
winding frame. This was formerly steam driven, but is now most 
‘ommonly controlled by a variable speed motor acting through a 
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worm drive which gives much smoother working than 
eut gearing with its numerous bearing blocks conve, 


ASH Ons 


g the Mo. 
tion to each of the blocks, arranged in pairs on the 10 4 : 
shafts. For the highest carbon steels, it is usually sufficient ; 


let the hot wire emerge into the atmosphere to achieve { 
cooling to effect the ‘‘patenting,’’ but it must not |» 


le requisit 


LOO rapid 
transit through this range or a partly martensitic ican | 
sists, and brittleness results. For certain purposes and jy aon 
of the medium carbon ranges, it is found advisable to perform 
the cooling by dipping the emerging wires into a bath of molt 
lead kept about 930 degrees Fahr. (500 degrees Cent.) as th 
enables the steel to cool rapidly enough through the first part o 
its transition, and then a much slower cooling takes place 


it comes out of this molten metal bath and is wound on t 


+ 
LO UI 


Whe 


frame blocks. Sometimes quite low carbon mild steels are passe 
through the patenting furnace, but as neither air nor lead bat! 
cooling would be rapid enough to retain the carbon in the full 
dispersed and sorbitic condition, it is necessary to dip the wires 
close to their point of exit from the furnace into a trough of wate 
kept circulating to ensure the maximum amount of chilling. 
When the ‘‘quarries’’ or tubes are kept open at both ends t 
the access of air whilst the wire is passing through, quite a co 
siderable amount of surface oxidation takes place, and the per 
centage of scale formed may easily attain 3 to 5 per cent. Thus 
not only amounts to an undesirable tonnage of waste product in 
a year, but means that there is an appreciable amount of surfae 
decarburization in the wires, and cleaning operations are retarded 
and excess of acid is consumed in that process. Numerous at- 
tempts have been made to produce non-sealing rods or wire, and 
apart from the obvious method of sealing the ends effectiv 
against the entry of air which is in some cases practiced, a usell 
method consists in arranging for a slight pressure of the gases 1) 
the combustion chamber below the muffle towards the exit end 
This ensures a slight leakage of the partly consumed gases ito 
the tubes, and a short luminous flame travels along with the wir 
to the outlet and preserves a neutral if not altogether a reduc 
atmosphere. In this way scale is very much reduced, the percent 
age formed not exceeding one per cent, with a resulting gain all 
around. The wire drawer however, who is accustomed to hav 
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vic high carbon patented wire slightly decarburized at the sur- 
aaa has to modify his passes slightly owing to the harder skin of 
‘lly carburized metal instead of the ferritic structure formerly 
ee for him. 

: Nouble treatment is sometimes advocated for steel which will 
not patent perfectly with only one passage through the tubing 
‘irnace, but with a knowledge of the steel composition, there is no 
need to do the treatment twice, it should be run at such a speed 
and temperature that the desired internal structure is attained by 
, single heating. For very irregularly shaped rods, it might prove 
an advantage to give them a breaking down or roughing pass 
through the draw plate to ensure that the sectional area was uni- 
form and thus ensure equal cooling rate at all parts of the coil 
leneth, but this entails an extra cleaning operation, and is usually 
obviated to save cost, just as in the case of eliminating double 
patenting. 

Gias-fired Furnace. -The latest and highly economical utiliza- 
tion of town gas for heating the patenting furnace depends for 
its suecess upon the principle of what was at one time called 
flameless’? combustion by one of its earliest users. The principle 
consists in burning a mixture of compressed air and gas which is 
passing out of the special nozzle at such a speed that the velocity 
is greater than the rate of flame propagation, and thus there is no 
iring back which would result in an explosion. The combustion 
s maintained due to the velocity of the mixed gases falling off 
is they spread out in a cone-shaped formation, and to obtain the 
maximum heating effects of this burning gas it may be directed 
against a bed of granulated refractory material where the com- 
hustion takes place at the surface and in the interstices of the par- 
ticles, which may be raised to an almost incandescent heat. An- 
other method, which is the one employed for heating some of the 
most recently adopted patenting furnaces in America, consists 
in locating the burner nozzle in the axis of a cylindrical tunnel, the 
walls of which are made of a highly refractory clay so that com- 
pustion takes place at or near the surface of this material. A 
number of these surface combustion burners is placed along each 
‘ide of the furnace in which the hearth is heated by radiation effect 
only, and no enclosed muffle is needed, the wire being passed 
through the heating chamber exposed directly to the heat of the 
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arch. It is even possible to dispense with the use of secondary gi 
as by the use of the latest type of burners the air is induced ¢ 
form the desired mixture by the injection effect of the cag ayy 
pressed to 10 pounds per square inch, when it enters the lenis 
The atmosphere can be maintained so nearly reducing tha; th 
scale production never exceeds 0.9 per cent of the rod weight. a 
improved patenting due to this method accounts for a scray «, 
rejection reduction from 9 to just over 1 per cent. 

In one battery of six furnaces recently installed of this surfa 
combustion type, each of the furnaces is 50 feet long, with a soli 
hearth four feet wide and with only eight inches to the spring 9 
the arch. Nineteen burners are arranged along the sides, but on) 
about one half of these is required to maintain the working temper. 
ature; once that has been attained, it requires a very short time 
from lighting the burner until a working temperature is reached 
Since there are no flues needed, the furnace construction js ex. 
ceedingly simple, being set down on a solid concrete bed, and re. 
pairs are practically negligible over long working periods. The 
insulation lining consist of 41%4 thicknesses of special firebrick, 
backed with 9 inches of ordinary firebrick. There are usually 3 
wires in the run, but with heavier rods the number would be re 
duced depending upon gage size. Pyrometer control of the vary. 
ing ascending temperatures along the furnace length is readilj 
effected by the aid of three pyrometers, indicating the temperature 
at the entrance, exit and another point one third along from the 
outlet. Thermostatic control of the temperature is incorporated 
in the system so that the autographic records seldom show more 
than a 5-degree Fahr. variation up or down, in spite of the great 
changes in atmospheric temperature. In patenting 0.6 to 0.7 per 
cent carbon wire between 9 and 15 gage size (0.144 to 0.072 ined 
diameter) the average gas consumption is stated to be about 150 
cubic feet of 525 B. t. u. town gas per hour, during which period 
1200 pounds of wire can be given patenting treatment. Wi! 
gas costing around 60 cents per 1000 cubie feet this is a distinctl} 
paying proposition, and with the aid of indicating lights from th 
pyrometer control room, only one furnace man is needed to 1004 
after the whole six furnaces. ) 

Patenting Practice and Faults. Examples selected from acta 
works’ practice may be of interest in illustrating some of the faul's 
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1998 
lve 


S merly mentioned, and a few others which have developed in 


‘he subsequent working up the patented material, and which are 


nore or less directly attributable to the results of imperfect con- 
S aucting of the heat treatment process. Right at the commence- 
‘ment it should be stipulated that for the very highest degrees of 
» nerfection in the patenting process it is of no use to select an in- 
al steel. or one which is 


‘ 


‘ghosty,’’ segregated or contaminated 
with an excessive amount of solid nonmetallic inclusions, commonly 
referred to as ‘‘slag’’ although not always coming from that source. 
When the piped portion of an ingot has been rolled down into 
» billet and insufficiently cropped the ‘‘rose’’ indication of the 
ropped end should be looked for and such billets eliminated at 
the rod mill, but if even a portion of such a segregated, often 
high carbon, portion gets into a length say of one end of a rod 
coil, then patenting will not succeed in getting rid of the defect, 
as it might be expected to do by diffusion. Nonmetallic inclu- 
sions interfere when too numerous, by seriously impeding the 
rate of erystal grain growth, so that a clean steel patents suc- 
cessfully much more regularly and uniformly than one which 
is decidedly ‘‘dirty.’’ The establishing of a standard which will 
be acceptable for high-strain rope wire for instance, is a matter 
of considerable importance, and yet attended with difficulty, al- 
though many reliable steel makers recognize this and provide re- 
markably good high carbon products for this purpose. Phos- 
phorus-rich patches extended by rolling and drawing into ‘‘ghost’’ 
lines are very effective in preventing the uniform diffusion of the 
carbides during patenting, and considerable deficiency in the phy- 
sical properties can arise in this way, which is almost impossible 
to overcome by any reasonable prolongation of the tubing time. 
Quite a number of failings may arise from the purely 
mechanical side of the furnace operation. Thus if the temperature 
of the furnace is not kept gradually ascending to very close to the 
outlet end, the wire may commence cooling while still in the tube, 
and thus pass too slowly through the recalescence point, with the 
result that the desired sorbitie structure may be partly let down to 
laminated pearlite, and this does not draw nearly so well nor give 
such good physical tests as the maximum sorbitic structure. The 
cooling may even be slow enough, to permit some free ferrite to 
form around the erystal grains of the higher carbon steels, and 
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this sets up a sufficiently nonhomogeneous structure 
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valuable properties of wire after drawing down to t}) 
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final size. Too slow passage through the furnace will jt 





tO iM 
crease the amount of scale produced, and as an extreme e 
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this the case of a piece of broken rod which remained two 





days ina 
furnace before it could be removed showed that the origina) 


(0.212 inch diameter) had increased to 0.315 ineh chiet 
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;osed of magnetic oxide of iron, and only an inner core 
metal 0.080 inch diameter was left like a thread holdine 
together. 
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The desire for large output sometimes fosters the 
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driving too quickly, with harmful results. To maintain 





] 
the tem 


perature in such a case it is easy to get the furnace too hot. 





and 


the effect is either to induce the brittle martensite structure whic 


snaps the rods in bending round the 24-inch winding blocks, op i 











the temperature cannot be kept up, insufficient carbon dispersio 





is effected in the short time of passage through the tube an 


ti a 








non-patented structure results, or else an incomplete growth 








of the erystal grain size may be brought about, which is onl 





slightly less deleterious in its after effects. There is no doubt that 





the best rope wire structure is one in which long fibers are dis 





cernible, and only large erystal grain size in the patented rod 








will give this result :—a small grain size obviously yielding a short 





fiber structure for an equal amount of reduction in sectional area 





by the same number of drawing passes through the die-plate. Th 





vexed question of overdrawing in patented steel naturally resolves 
itself into a question of erystal grain size in the original rod, be 
cause a large size of crystal grain will extend much further without 
beginning to suffer disruption than a smaller grain, and this 1s 

















not remedied by the process of reversing the direction of drawins 





the wire at say the ninth pass for an eleven-hole job, because th 





slipping apart of the crystals at the grain boundaries will actuall 





have commenced around the small grains without it having done 





so around the large ones. When this fault is not revealed by any 





of the commonly applied physical tests to the plain drawn wire, 
the slightest deficiency in the perfectness of patenting is rapidly 
revealed by a low temperature heating, such as that applied in 














may not be more than 10,000 pounds per square inch, the de 








galvanizing, and although the actual drop in tensile strength value 
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ease in the number of torsions which the wire will stand after 
alvanizilie: or even after simple immersion in boiling water, is 
quite remarkable in certain cases, whereas a thoroughly well pat- 
onted wire will not lose nearly so great a proportion of the number 
of twists before fracture under torsion. 

Details of Specimens. In the low carbon steels which are 
natented and water-quenched, the complete diffusion of the ear. 
hide not only enables the wire to be drawn to suitable small sizes 
without fear of breaking up in the process, but the uniform dis- 
nersion of the sorbite allows a remarkably high tensile strength 
to be attained by this material. There is very little free ferrite 
‘n addition to sorbite in this type of structure. That the quench- 
‘ne can be made from too high a temperature, i. e. exceeding the 
best temperature of 1795 degrees Fahr. (980 degrees Cent.) for a 
wave rod, is demonstrated by the acicular structure found in a 
rod whieh had been drastically quenched from 1875 degrees Fahr. 
1025 degrees Cent.) and which was too brittle to coil until the 
temperature was dropped down at the exit end of the furnace. 
The ill effect of phosphorus segregations, is responsible for the 
‘‘chosty’’ structure of water-treated wire. In this structure the 
carbide diffusion has been completely impeded to the detriment 
of the physical properties. Instead of reheating to bring about 
the desired structure for upholstery spring wires by water treat 
ment, it has been sometimes successfully attempted to produce this 
desired form by quenching the coils of rod in rapidly moving 
water immediately after rolling in the mill. The finishing temper- 
ature may be very nearly that of the patented rod, but the re- 
\uisite grain growth has not had time to develop, and thus a 
slightly less useful combination of physical properties is achieved. 

In the medium earbon steels, the lowest range of carbon con- 
tent which is usefully patented embraces the 0.35 to 0.55 per 
cent carbon content, and one interesting product falling within 
this range is the great variety of spoke wires. They are usually 
specified within the limit of 145,000 to 168,000 pounds per square 
inch tensile strength, and it is often a problem to select the right 
ethod of manufacture to give this in a suitably treated steel which 
has, after drawing, to stand eold-heading and sharp right angle 
bending when being made into spokes. An example of the lower 
range which had proved brittle to bending in No. 15 gage is shown 


































































































































































































TRANSACTIONS OF THE 





Fig. 1—Irregular Grain Size in Defective Cold Heading 15-Gage Spoke Wire of Medium 
Carbon Steel. Mag. 500 x. Fig. 2—Satisfactory Structure of Good i5-Gayé Spoke Wire of 
Medium Carbon Steel Showing Long Fiber in Good Grain Size. Mag. 500 x. 

All Specimens Shown in These Mhotomicrographs Were Polished and Photographed in a 
Longitudinal Section Cut Medially Whenever Possible. The Etching Medium Found Most 
Advantageous to Develop the Pearlite-Sorbite Structure was Picric Acid Dissolved in Absolute 
Alcohol and Given a Slight Mineral Acid Acidity with 0.05 Per Sent Nitric Acid. 


micrographically in Fig. 1, and the reason is not far to seek in 
that the patenting temperature has not been high enough, result- 
ing in a nonhomogeneous structure, too small crystal grain size, 
except in isolated places, and consequently a certain amount of 
overdrawing effect in attaining the diameter of 0.072 inch, which 
is not counteracted even by the moderate manganese, 0.48 per 
cent with the carbon 0.38 per cent. For comparison, the struc- 
ture of a satisfactory wire of 15 gage is shown in Fig. 2; with 
practically the same carbon content, but with much more satis 
factory physical properties which can be directly attributed to 
the correct structure of suitable sized crystal grains to give 3 
longer fiber wire as the final product of drawing, with the requisite 
toughness and capability of cold-heading without splitting and 
also bending without cracking. 
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Good Sorbitie Structure of 15-Ga c fir i i 
. ¢ ge Spoke Wire of Medium High Carbon Steel of 
7 and Fiber Length. Mag. 500 x. Fig. 4—Excessive Grain Size in 15-Gage 
Medium High Carbon Steel Failing Heading and Bending. Mag. 500 x, 
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With a slightly higher range of carbon content bet 

and 0.50 per cent, the heat treatment in regard to lower ; 
ture of patenting as compared with the lower carbon si 
be carefully watched, and whereas the latter can usefully he gop. 
ducted at 1560 to 1615 degrees Fahr. (850 to 880 degrees (Cent. 
the former can easily develop too large a grain size at this range 
and it is preferable to lower it to 1470 to 1545 degrees Fahr. (a to 
840 degrees Cent.) and to regulate the speed in say a 5-gave rod to 
approximately 25 feet per minute, compensating for the enlarging 
of the coil diameter as the block fills up, or else to use the parallel. 
arm blocks on the winding frame, and obviate this difficulty of 
variable speeds in case all the coils passing through the furnace are 
not at the same stage. Figs. 3 and 4 represent the microstructures 
of similar wires all in a 15-gage, and, although their analyses are 
similar, and the tensile properties of all are good, there was con. 
siderable difference in their practical performance in manufacture. 
The slightly lower tensile in Fig. 3 accompanying the suitable grain 
size and length of fiber of this well patented wire gave the best 
heading and bending performance, but the wire whose structure 
is given in Fig. 4 was of such a large grain size originally and 
somewhat nonhomogeneous as well, that it failed in both heading 
and bending operations. 


en 0.45 
empera- 


has to 


The variation which can sometimes arise in the grain size of 
the same coil by patenting in a furnace which has not been work- 
ing uniformly and the temperature of the exit end has been fluc- 
tuating, is clearly indicated by the photomicrographs of a 0.50 per 
cent carbon steel rod shown in Figs. 5 and 6 both at the same 
magnification. In this case the first end through has not developed 
the full grain size needed for the requisite fiber length when drawn 
down to wire. The galvanized wire drawn from such a coil gives 
widely varying physical tests, particularly in regard to torsional 
values, while the tensile strength and number of twists before 
galvanizing were practically identical, the end of the coil with the 
small grain size lost over 11,000 pounds per square inch tensile 
and 80 per cent of the torsional value, after galvanizing, and the 
large grain end lost barely 6700 pounds tensile strength, and only 
15 per cent of the twists. The reason was obviously that the big 
grains could have stood further reduction than the 6-gage sizes 
in four passes from No. 5 rod without harm, whereas the same 
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ig. foo Small Grain Size in Imperfectly Patented 5-Gage Rod of en ee 
eel, 500 x. Fig. 6—Satisfactory Grain Size in Completely Patented 5-Gage Rod of } i 
Q Carbon Steel. 500 x Fig “7—Completely Sorbitic Structure of Patented Medium- igh 
1 Steel, Cooled in Lead Bath. 500 x. Fig. 8—Partly Ferritic Structure of Patente 
High Carbon Steel, Cooled in Air, 500 x. 
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number of passes had brought the small grain end p; 
to the stage of overdrawing, the ill effects of which w. 
revealed until the tempering action of the zine bath had 
them, without doing so to the large grain size wire. 
The importance of the rate of cooling in makine 


Dart 
) leet 


patented wire is shown by the relative performances of two 
made from half round section in 0.50 to 0.55 per cent carly 


springs 
n Stee]. 


Table I 
Physical Properties of Patented Wires 


fully, 
Remarks erain 


finish 


Tensile Strength 
Pounds per sq. in. 


Magnification 
Diameters 


per cent 


in 8 in, 


© Manganese 
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0.093 42 178,000 ‘ 500 partly pear 
itic 
0.093 lz 207,000 2 500 Good grain siz 
and long fiber 
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In order to retain its stiffness after a great number of repetitions 
of alternating stress of quite low value, the correct structure r 
quired is one which is completely sorbitic, without any free fer- 
rite being left at the grain boundaries. Such a microstructure is 
shown in Fig. 7 which has been bright-drawn 5 holes from patented 
wire, which had been given a roughing pass before heat treatment. 
A similar wire got up in the same way but which had not been 
cooled through the recalescence point sufficiently rapidly, and this 
showed some intergranular ferrite, (Fig. 8) was not successful in 
operation, as the springs made from this wire failed after a few 
days’ use to hold up to their duty, in spite of the fact that the 
physical tests and analysis classed the two materials as practically 
identical. This is a case in which it is sometimes necessary to 
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ot to lead bath cooling instead of the usual air cooling of the 
aaa wire in order to bring about the best form of retention 
| the sorbitie structure. 

Coming to the higher carbon steels such as are used for the 

erade of rope wires, hawsers, springs and stone cutting 
vine. the importance of perfect patenting is very great, as serious 
onsequences may arise from a failure in service of unsound ma- 
rorial. A elean, degasified steel is a primary necessity, and as a 
nerfectly slagless cast is not commercially possible, it is advisable 
+» insure that the steel billets from which the rods are rolled have 
the slag particles as small and as uniformly distributed as they 
‘an be made. 

Very useful information can be acquired by following care- 
fully, by means of the microstructure, the course of the crystal 
erain deformation at each successive pass of the patented rod to 
finished wire. In this way the development of the requisite fiber 
length ean be watched, and as idea of the requisite grain size to 
sive the longest possible fiber in the final product can be quickly 
rived at. By stopping the block just before the last end passes 
through the die and breaking off the portion including the conical 
onstruction of the wire, perfectness or otherwise of the ‘‘seating’’ 
or ‘‘bearing’’ of the wire in the hole of the plate can be examined, 
ind also the concentricity of the ‘‘flow’’ of the metal grains all 
round the cireumference to make sure that this is uniform, and not 
one sided as may happen with a bad ‘‘lead-in.’’ Some erystal 
grains follow the flow of the metal and become elongated, while 

etitions thers, differently oriented, resist deformation and set up what 

ee may be likened to ‘‘back-waters’’ in the stream. A 0.72 per cent 

a carbon rod patented in No. 0 gage was reduced 78.4 per cent in 

shee is ‘ross-sectional area by the following holing in diameters 


atented Inch 0.315 > 0.275 > 0.238 — 0.211 > 0.184 —> 0.168 > 0.150 > 0.134 
“me ay 23 25 99 23 16 19 19 

ind this 
ssful in 
r a few 
hat the 
vetically 


In this particular case the wire has undergone reduction of size in 
‘ix holes before the fiber has begun to develop the parallel struc- 
ture, So essential in securing freedom from eventual breakup and 
trom low torsional values in the final size. The final tensile strength 


of such wire ranges from 224,000 to 246,000 pounds per square 
y to re- inch, 
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Fig. ®—Partly Pearlitic, and Large Grain Size of High Carbon Steel \W 
Torsion Number 500 x Fig. 10-——Long Fiber Structure and Good 
Steel Wire Giving Good Torsions After Galvanizing 500 x 


ln the case of galvanized hawser wire required to give fr 
200,000 to 213,000 pounds per square inch tensile strength with a 
high torsional value from 0.70 per cent carbon steel, patented as 
wire before the final set of die-plate passes, it is useful to connec! 
as in Figs. 9 and 10, the relation of fiber length arising from var 
ous grain sizes to number of twists in the final 13-gage wire. Wit! 
very slight variation in the tensile strength values the two wires 


7 


illustrated by their microstructures gave respectively 2 and 2! 
twists in an 8-inch test piece length, and the first has parti 
pearlite decomposition in the broad bands, but the second has per 
fectly sorbitic grains of great fineness and considerable fiber lengt! 

The ‘‘letting-down’’ from all sorbitie to an even partially 
pearlitic structure in high stress rope wire is very deleterious | 


its properties, especially the resistance to torsion. (‘This is clear!) 


Case 


shown in Fig. 18 at 1000 diameters magnification. In this 
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carburization of High Carbon Steel Rod Patented Too Long at Too High 
rie, 12-—Medial Section of Cuppy Steel Wire Which Failed Due to 
of Carbon and Inclusions in the Core. Enlarged 3 x 


le front end of the rod from a bee-hive patenting furnace was 

lel quickly enough into the heaps of cooling sand, with the 
result that frequent occurrence of pertectly pearlitic patches could 
observed enclosed in the generally sorbitic ground mass, which 
wised the wire to break up with a cuppy fracture at the fourth 
hole pass. Even if it had been successfully drawn to the final 


uameter desired it would have been most likely to fail in the 


, 


torsion test with a low number of twists, due to lack of homogeneity 
n structure, and because of the ragged nature of the fracture, 
would probably ‘‘fly’’ with a fiery spark. 


Breaking up of patented wire, with a ‘‘ecuppy’’ fracture does 


lot always depend upon the formation of this structure consequent 


‘pon too slow a rate of cooling and pearlite resulting. One other 


requent cause in the case of high earbon (0.75 per cent) steel 
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wire was found to be due to excessively high temper: 
patenting, which not only gave rise to enormous er, 
interior of the wire, but an excessive amount of surf: 
zation to a considerable depth. Such an undesir; 
affairs is shown in Fig. 11 which is No. 0 gage rod 
up ‘‘cuppy’’ and the very great rapidity of carbon co) 
is certainly remarkable and proof of bad practice. 
One of the most prolific sources of cuppy fractur 


In Wire 
apart from cases of overdrawing, is the presence of 


marked] 


segregated portion in the core, which because of its hicher ear) DISCUS 





Fig. 18—Pearlite Patch in Sorbitie Structure of High Car! 
Steel Rod too Slowly Cooled in Patenting. Mag. 1000x 


content, often coupled with inclusions, will not extend in lengt! 
to the same extent in drawing as the lower carbon outer port 
of the wire. In this way internal rupture can easily be caused 
and it is usually quite readily detected either by the break up 
the wire in the drawing operation, or in testing by bending or 
twisting. Fortunately it is generally found near one end of 4 
coil of wire, not always as bad as the instances shown in Fig. | 
but if such internal faults were to remain undetected in a length 0! 
wire rope the consequences might easily be very serious. 

In conclusion it is hoped that some interest has been found t 


attach to the problems of producing ‘‘patented’’ steel wire lt 


various purposes by tracing the origin and development 0! 
process in various forms of heating furnace, culminating 1M 
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oct gas-fired and pyrometrically controlled plant in the U.S. A. 
we the numerous photomicrographie illustrations it is probably 
| sous how important and useful is this method of controlling 

nspecting the works’ product to insure that only perfectly 
sisfactor) and trustworthy material is used to meet the varied 


vifie purposes to which the different classes of patented steel 





re can be applied. 


DISCUSSION—-DEVELOPMENT OF HIGH SPEED STEEL HACK SAWS 
OR CUTTING OFF SAWS 


(Continued from Page 616) 


















universal. 





y cutters is now almost Kurthermore some excellent researches 
recently by Mr. Herbert in England show that the cutting points of a 
k saw in operation do reach a red heat. It would seem therefore that the 
eased cutting ability of a high speed saw can be attributed to its property 
d hardness rather than earbide nodules. Another indication that such is 
ise is that while a high speed steel saw contains considerably fewer carbide 
es, visible under the microscope at least, than does such a steel as Mr. 
n mentions, the high speed saw can be operated at feeds and speeds 
quickly ruin one made out of the low tungsten steel. 
ir, German points out the accepted reason for the gradual increase in the 
ness of the saws standing at room temperature after hardening. Possibly 


not sufficiently emphasize the point brought out in Table I which I 











ed of most interest, namely that the ‘‘aging’’ is still going on even 
Rockwell hardness had nearly reached stability, and also the con 
plasticity of the steel in this same condition of high hardness. Fur 
tudies indicate the interesting possibility that to attain maximum hard 
ter tempering the steel should best be allowed to age at room temper 
some time before tempering. The ordinary hardness test does not 

0 be sufficiently sensitive for studying these changes and therefore work 


rogress using magnetic analysis. 








ir, German criticizes the comparative performance results as given in 
i! and IIT as being made under wrong conditions and as being in 
\s indicated in my paper its intent did not include the field of 
conomy of different kinds of hack saw blades, a discussion of which 
ustitute a separate paper in itself. The two tests summarized by me 
ded to 






give, as | stated, a general idea of relative performance. 







\ fact the speeds and feeds shown were the result of several trials and 


efficient results for both types of blades cutting the particular 









noted 
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Te ( 
By CHARLES McKNIGHT \ppro 
mitted 
Abstract , 
square 
The rapidly extending use of nickel steel fo) total ¢ 
in the past few years has resulted in a compila Neb 
facts and conclusions derived from investigations he eX] 

termine the surtability of this material for such S) 

tions. These are apparently worthy of being pr ately 

at thas time. 7 

. . omela 
Boiler pressures a few years ago rarely exceeded 30% , 
pounds per square inch. Today there are stali eral ¥ 
boilers operating at 1400 pounds per square inch ani n shape 
higher, while in locomotives the conservative 200 po sure le 
per square inch is being raised step by step until nickel 
there are locomotwes operating with pressures of 50) aii 
° Deri 
pounds per square inch. ; 
The present rapid trend toward large units, h = 
pressures and high superheat temperatures in boil: I 
all types has engendered the need for better boiler ma lepen 
terials. In marine and locomotive boilers, space and from t 
weight limitations necessitate a material of gr con 
strength for equal or less weight. In the stationary typ 
7 , yale” : : win Li 
of boiler, where these limitations are not so pressing, th: 
same need has arisen through the impracticability and ot 
fabricating ordinary steel plates of the thickness neces steel p 
sary. ‘THLISe} 
2 . ‘ . also ly 
Use Or NicKeL STEEL IN BoILeR CoNnsTRUCTION | 
more | 
WO years ago the Canadian Pacifie railway in designing son now a 
new locomotives desired to increase the capacity and efficy A 
of their motive power without materially increasing the ago Se 
weight. This could be done by increasing the boiler pressure 2» pe! expect 
cent but to do that without increasing the thickness of the boil Servier 
plate appeared on the face of it to be an impossibility. But th same | 
on > . , WF wine 
Canadian Pacific successfully accomplished the apparently imp ~) Vee 
sible by taking a step that they had been investigating and consice! 
ing for some time. This was the use of 3 per cent nickel steel ) 

A paper presented before the semi-annual meeting of the s 
in Montreal, February 16 and 17, 1928. The author, Charles Mek ght ' 
member of the society, is metallurgist with the development and resea! he © 
partment of the International Nickel Company, New York City. ° 8 physic 


received January 25, 1928. 
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ote of 70,000 pounds per square inch minimum tensile strength. 
{ pproximately 30 per cent stronger than carbon steel, its use per- 
nitted an increase in boiler pressure from 200 to 250 pounds per 
gjuare inch without any change in thickness of the boiler plate. A 
.tal of 44 locomotives were thus constructed for this company in 
1)9- 24 Pacifie type and 20 Mikado type. They have fully justified 
‘he expectations of improved performance and efficiency. 

Such an unprecedented step on as large a scale as this imme- 
ately aroused countrywide interest, not only among railroad 
aftcials but among builders and users of other types of boilers. Sev- 
oral railroads have translated this interest into actuality in the 
shape of one or more locomotives; for example, the new high-pres- 
sure locomotives of the Delaware and Hudson (see Fig. 1 B) have 
nickel steel boilers. Others are still seriously considering it and ex- 
perimenting. The same is true of manufacturers of large stationary 
oilers. 

Previous Use—Unquestionably the Canadian Pacific railway in- 
lependently pioneered in this development. It detracts in no way 
from them to say that inquiry has since developed that their action 
was anticipated more than a quarter of a century ago when the Bald- 
win Locomotive Works built a locomotive with boiler shell, firebox 
and other important parts of nickel steel. A few years earlier nickel 
steel plate had been employed for the tubes and boilers of the U. S. 
‘ruiser ‘‘Chicago.’’ The first stationary boiler of nickel steel was 
also built about the same time. That these were not followed by 
more was probably because the demands were not as great then as 
now and a better plate was not necessary. 

Ascertaining definitely that these boilers had been built so long 
ago settled quite as definitely the question of what life could be 
expected of nickel steel. The boilers of the ‘‘Chicago’’ are still in 
service after 30 years use, although the demands are now light. The 


same 1s true of the locomotive, which still operates after more than 
0) vears ot service, 


COMPARISON Or NICKEL AND CARBON STEEL PLATES 


During the past two years, beginning with the plates rolled for 
‘he Canadian Pacifie railway, data have been collected showing the 


physical characteristics of the low carbon 3 per cent nickel steel 
oiler plates. The averages of results of tests on all but a few nickel 
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Fig 1A 1904, First Locomotive Utilizing Nickel Steel for Boiler ( Tr 
by Baldwin Locomotive Works. Boiler Shell, Firebox Sheets and Boiler Tu! ; 
Nickel Stee). B 1928, Delaware & Hudson Railroad, High Pressure | tix \ some 
Steel Boiler Shell. Built by the American Locomotive Co, ©-—Canadiar : 
Mikado Type Locomotive, Nickel Steel Boiler Shell, Built by the Canadiar 
Ltd. D—Canadian Pacific Railway Boiler with Nickel Steel Shell i a0! Nee 
Locomotive Works, Ltd, , 
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ates which have been utilized during this period for boiler 


nstruction are shown in the Table I and compared with an ap 


vroximately equal number of tests on carbon steel boiler plate. 


Table I 
Average of 523 Tests on 3 Per Cent Nickel Steel Boiler Plate 
t Specified Average Specified 
0.20 Max Uit. Tens, Str 77,880 psi 70,000 Min 
0.40-0.80 Vield Point $7 550 psi 50% UTS 
0.045 Max Elongation in 8” 26.33 % 1,600,000, Min.20% 
0.045 Max U. wae 


Not Spec Red. of Area of HO% 
> 75-8.25 Impact Value, Izod 


Table II 
Average of 385 Tests on Carbon Steel Boiler Plate 


Average 


Per Cent Average 


0.193 Ult. Tens, Str. 59,200 psi 
0.401 Yield Point 36,200 psi 
0.022 Elongation in 8” 28.64% 
0.088 Reduction of Area (Not determined) 
Impact, Izod (Not determined) 


Primarily nickel steel is used because of its higher strength 
vith practically the same duetility as carbon steel. But, in ad 
dition, the other qualities which are desirable, even necessary, in 
a boiler are developed with nickel steel to a higher degree than with 
ny other material, so that it is peculiarly, almost uniquely, suited 
(0 boiler requirements. 

These additional qualities are its physical characteristics at 
high temperatures, its excellent impact values, its resistance to em- 
brittlement in boiler service and its uniformity. 

High Temperature Characteristics—Physiecal testing of boiler 
materials at room temperatures and under usual conditions ean at 
est be only an approximate guide to the suitability of the material 
or boiler service. At best the working temperature of a boiler is 
some 200 degrees Fahr. higher in a temperature range where 
langes occur in the nature of the steel. But even worse, with the 
‘emperatures and pressures now being used, the steel enters the 


iue-brittle’” range, where an ordinarily soft and ductile metal 
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unaccountably loses its toughness and becomes very brit! 
the strength is greater than when cold. A piece of boile: 
can be bent double when cold will break off short at t} 
ture and the fracture will have the characteristic blu 
alike indicates the temperature and the derivation 
‘*blue-brittleness’’. 

A great deal of research into this matter of high 
characteristics of steel has been done recently. The dat 
plicable here seem to be those incorporated in Figs. 2 and 
superiority at any temperature of the nickel steel over ca) 
is apparent. In Fig. 2 at 480 degrees Fahr. (corresponding 
saturated steam pressure of about 500 pounds per square 
gage) the properties of nickel steel are relatively low. Ne 
less there is a superiority over the special carbon boiler steel of 1” 


per cent in yield point, 7 per cent in tensile strength, 28 per cent 


y) ) 
i i 


elongation and 8.5 per cent in impact resistance. The data embod 

L and tl 
figures for carbon steel refer to a ‘‘special. boiler steel’ of Germa 
manufacture. 


in this curve are taken directly from the authority quoted 


Embrittlement In Service—The high temperature characteris 


tics of the metal are buttressed by another and unique feature. ‘I’ 


boiler designer has always been faced by the specter of embrittle 
ment in service. It has long been known that ordinary tensile tests 


are of little value as indices of performance in a boiler. Impact 


tests, resorted to as a means of detecting brittleness prior to servic 
have failed in their purpose. How misleading such tests can be is 
shown by the report of Goerens previously referred to. He discusses 
the phenomena of ‘‘aging’’ and ‘‘reerystallization’’ of boiler plat 


brie 


See ‘Tensile Properties of Boiler Plate at Elevated Temperatures’’—-l/ 
Transactions, American Institute of Mining and Metallurgical Engineers, 1922 
thereof. 


2Data from “Die Kesselbaustoffe,”” by von P. Goerens, Zeitschri/t des | 
Ingenieures, Jan. 19, 1924, Vol. 68, No. 3. 


*The physical data presented in this paper should be considered comparabi 
given set of figures. This is particularly true of elongations and impact \ 
widely according to the test specimen used. 

In examining the results of several thousand tensile determinativns, ¢t 
tered discouraging discrepancies, due principally to varying conditions of ¢ mos 
factor causing discrepancies seemed to be the finishing temperature of th 
Which caused surprising variations of results. If this factor is disregarded, | aati D4 | 
obtain excellent tensile characteristics from a plate entirely unsuited t 
subsequent service in a_ boiler. 

In the work on nickel steel in our own and associated laboratories, 
specimen was invariably the American Scciety for Testing Materials stan 
specimen and the metal had been given the thermal treatment customa! 
boiler steel; i. e., a retarded cooling after rolling. 


ue 


cra 
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» service and then vives interesting data on some full-size long-time 

rests. ‘The data are too comprehensive and detailed to be included 

vere, but in Fig. 4 are shown graphically the essential results. 

Briefly, he first annealed a carbon steel boiler plate (0.8 inch x 5.25 

root x 22.5 feet) and then formed it by bending as it would be 
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Fig. 2—Characteristic Curves of 
Per Cent Nickel and Plain Carbon 
Steel Boiler Sheets at Elevated Tem 
peratures 


formed in a boiler. 
1 vear, 2Y, 


Tested before bending and at intervals of 1 day, 
years without actual service, and 21% years with 17!4 
months in aetual boiler service, it was found that the strength and 
elastic limit inereased a little progressively while the elongation de- 
and then remained practically constant. But 
ost striking is the serious dropping off in impact resistance, from 
-4.0 to 3.3, a deerease of 86.25 per cent. Small wonder that fre- 


juent inexplicable boiler failures occur through embrittlement and 
cracking 


creased aft er bending 
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In a similar way to aging, recrystallization affects 
but not to so marked a degree. Fortunately, also, the 
erystallization is not markedly apparent until temperat 
cess of 900 degrees Fahr. are encountered. Practically, 
the effects of either aging or recrystallization or both ma: 
cause the plates are stressed during forming and ben 
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0 Nd 200 300 400 500°C 
Fig. 3—Curves Showing Tensile Characteristics 


of 5 Per Cent Nickel and Plain Carbon Steel 
Boiler Sheets at Elevated Temperatures. 





manufacture of the boiler or they may occur after the boiler 


















commission as a result of stresses which are induced by differences 
in the temperature at various parts of the boiler. The injuri 
effects will become more noticeable as the boiler pressure and ev 
sequent thickness of the plates increase because of the greater «i! 
ficulties of forming, bending and riveting heavier plate as well as 
because of the fact that increased heating surface and higher rates 
of evaporation offer more favorable conditions from temperature 
differences and additional stresses in the boiler. 

Nickel steel resists these two destructive agencies to a marked 
degree, probably better than any other steel. The results o! com 
parative aging and recrystallization tests on 5 per cent nickel steel 
and ‘‘special boiler steel’? (carbon 0.11 per cent; manganese |). 
per cent; phosphorus 0.026 per cent; sulphur 0.031 per cent) are 
embodied in Fig. 5 which shows conclusively the vast superiority of 
the nickel steel. 
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rmity—It is well known that there is marked variation 
the chemical composition and tensile results of test pieces 
various parts of a carbon steel boiler plate* and that when 
‘ations are met with tests from one place the plate may 
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Service Test of Carbon Steel Boiler Plate 
(C-O.ll Mn-0.53 P-026 $-031) 
0.8" thick x22.5' long, annealed before bending at !685°F 


{Graphical Representation of Data Obtained on Full-Size Long 
f Boiler Piate. 


Table III 
Uniformity of Tests on Nickel Steel 


Carbon Manganese Phosphorus Sulphur 
0.19 0.55 0.012 0.035 


Yield Point, Tensile Strength, Elongation, 
Lbs. Per Sq. In. Lbs. Per Sq. In. Per Cent Per Cent 


40,600 77,800 25 56.1 
43,600 76,700 2 36.0 
41,100 77,900 28 57.0 
42,200 77,700 26 48.9 
$3,500 78,400 2! 58.2 
. $3,100 78,600 2! 49. 
ai ng .. 42,100 77,400 26 59. 
com rans 41,900 78,000 99 .6 51. 

2.86 2.70 2.3 11, 


marked 


ents on the Segregation of Steel Ingots in Its Relation to Plate Specifica 
ton-—Proceedings, American Society for Testing Materials, Vol. VI. 
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diverge dangerously from the requirements at other plac 
ence has shown and it has often been commented on +} 
confidently expect a much smaller variation with nicke| 









AGEING DATA RECRYSTALLIZAT 

Carbon Steel stressed under : 
36,000 !bs./sq.in before ageing Stressed under 36 00 
Nickel Steel under 61200 |bs/ heat Gh. at I350F ¢ 


sq.in. before ageing 
30 


rm 
oi 





rr 
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Ft. lbs. per sq.in 
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After Recrystalization 
Before Recrysta/ization 


. Before Recrystalization .~: 
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Fig. 5—Comparative Aging and Recrystallization Tests, on 5 Pt 
Nickel Steel and Special Boiler Steel Having the Following Analysis: Car! 
0.11 Per Cent, Manganese 0.53 Per Cent, Phosphorus 0.026 Per Cent, S 
0.031 Per Cent, 


Tables III and IV show the satisfactory results of several top aud 
bottom tests, as well as the uniformity of analysis. 

Bend Tests—This valuable test has been satisfactorily met 
The specifications usually call for a top transverse bend test and 
as a general rule, nickel steel not only meets the full requirements 
of an 180-degree bend about a pin whose diameter equals the plate 


Table IV 


Bottor 


Pt “heavwien Wee ake + ened rae e 0.29 0.22 Per Cent 0.21 0.1 Per Cent 
ES visa dawierweeeanovesan Gi 0.72 0.69 0.7 0.7¢ 
PROGPROTUS 2c cc cccrccesescceee 0.018 0.018 0.016 0.01 

ES reer ‘ 0.021 0.024 0.027 0 

DP 602 iF 60bn ck bb oe resales 0.25 0.25 0,23 


ee ee, ee rr ae 2.62 2.68 2.66 


de 





top and 


"ily met, 
Test and, 
irements 


the plate 












but can be closed down flat on itself without cracking. 
little difference between the bends on carbon steel and 





As a matter of fact, one user stated that the bend tests 










| steel were the best he had ever seen. 





MANUFACTURE 


Commercial Analyses—In the industrial application of nickel 








onsideration had to be given to the proportion of nickel to 








ised in the steel. It was eventually decided to use a 2.75 to 3.25 





or cent nickel steel. The desirable characteristics of nickel steels 





‘tained with this steel, although to a slightly less degree than 














er cent nickel: the cost is less and there is the added ad- 











tave that such a steel is a standard of which many thousands of 








tons of plate have been made, the total eclipsing the aggregate 





mount of all other alloy steel plate ever rolled. Table V gives in 





abbreviated form the physical characteristics which have been ob- 





tained in tests of this steel and which are concordant with the re- 





sults with 5 per cent nickel steel. 









Properties of 3 Per Cent Nickel Steel 



































































































The decision having been made to employ a 3 per cent nickel 
steel, there remained only to fit the steel to the boiler design. 











that time a steel of 70,000 pounds per square inch minimum 





iltimate tensile strength was not only adequate, but generously so. 
A steel having between 0.15 and 0.20 per cent carbon was, therefore, 








decided upon and it has not been necessary thus far to depart from 
that standard. 








When the first plates were being rolled, it was mutu- 
ly agreed by the consumer and the manufacturer that in order to 
most advantage of the contained alloy, the nickel steel 
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should be ‘‘killed’’,® although most boiler plate is not 

With a killed steel, the yield is less than with the or 
on account of the piped portion of the ingot which 
carded. A fair figure is 60 per cent or more usable prod 
ingot. Also a killed steel is prone to have surface def, 
‘*snakes’’ and ‘‘pits’’. 

These variations in practice with killed steels, we su) 
detract from their desirability but are, as a matter of { 
tees of superior quality. Killed steels for boiler plate | 


a great deal of favor recently and by some it is thouegl 


high-pressure work they will eventually supplant entirely 
ent type. They have one great advantage in that their 
usually on the surface and apparent on inspection. 

Nickel steel for plate is always killed in modern prac 


therefore presents the same problems of yield and surfac 


manufacturer. It is essential that the steel be well made. ¢) 


precautions, experience has shown that there is little difference bp 





| i] 
a) 
I 


proved ingot molds and hot-tops be used, that the heating of invots 
prior to rolling be given careful attention and that the rolling itsel 


be conducted so as to ensure the best possible surface. Wit 


tween nickel steel plate and other killed steels, either in yield or 


rejections on account of surface defects. 


As a matter of fact, at least three of the largest users of nick 
¥ _ 


steel plate have recorded that the surface of nickel steel plate was 


equal to that of ordinary plate and one states that, disregarding e1 


tirely the alloy and compared on equal basis, the nickel stee! plates 


furnished him were better plates than the carbon steel ones used : 


the same time and that during the construction of the boilers ther 


were more rejections of carbon steel than of nickel steel, 


Heat Treatment—One of the problems which was encountered 
and which had to be overcome by the manufacturer was that o 


unintentional heat treating of the nickel steel. Ordinary boiler plat 


is finished at the mill in a wide range of temperatures, depending 
largely on the thickness of the plate, and is straightened imme 
diately after rolling. The continued passing of the plate back an 
forth between the leveling rolls has almost the same effect as 4 


‘Briefly, a ‘“killed’’ steel differs from an “open” or “rimming-in’’ 
sufficient silicon, manganese, aluminum or other element is added to render th 
tially gas-free after solitification, A secondary effect is that, blowholes 
present in sufficient volume to counteract it, the steel exhibits piping along ti 
of the ingot. To lessen this, it is essential to use hot-tops and properly 
Silicon is rarely in excess of 0.80 per cent in such steels 
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‘his does not make a great deal of difference on the low 

els but when nickel steel was so treated, the quick cooling 

the plates considerably. It was found necessary to roll 

at a temperature sufficient to ensure their finishing at 

oood ved heat, after which the plates were rolled off the hotbed 

nd piled one on top of the other and later covered with sand. Us 

no this method it took the plates about eight hours to cool down to 

lack heat and this anneal, if it can so be termed, resulted in a 
‘Her product and improved bend tests. 

Fabrication—-No._ diffieulties in fabricating nickel steel plate 

developed and no variation from standard practice has been 

essary. Either carbon steel or nickel steel rivets can be used, as 

tated by design and welding with the are or gas process is per 


thy feasible. Niekel steel welding rod should he used. 


Posupnury Or HigherR STRENGTHS Wirun Nickel. STEELS 


\s was said earlier, the advantage of nickel steel is that of 
her strength coupled with practically the same ductility and 
nusual impact-resisting powers. Since the development and use of 
s alloy steel for boilers, attempts have been made to achieve the 
ie results without the use of nickel. We question the unqualified 

ess of these endeavors. 

There may be, in fact, there is to some extent now a demand for 
iler plates of even higher strengths, say from 80,000 to 100,000 
ounds per square inch. When such a demand exists, it can best 
met with nickel steel. For the construction of the recently com 
leted Delaware River bridge high tensile plate of two classes was 

Seite ‘quired, one to meet a specified minimum elastic limit (vield point) 
as 1 49,000 pounds per square inch, and the other to show similarly 
i »,000 pounds per square inch. There was no limitation in the way 


nding these requirements were to be met. Any analysis, any earbon con 
endin: ; ’ ; 
t, any alloying material could be used providing the steel met 


required tensile specifications and bend test. For the 45,000 


Lriine 


nunds per square inch steel, high tensile carbon steel was adopted 


tor the 55,000 pounds per square inch steel it was necessary to 


Ni 


nickel steel and none other was offered by any manufacturer. 


Several thousand tons were used. The average of 683 tests showed 
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a yield point of 62,690 pounds per square inch with a: 
sile strength of 104,750 pounds per square inch.° 
This may be criticised on the ground that the plat 
boilers. Reference then can be made to the boilers of th, 
already mentioned. These plates of 3.5 per cent ni: 
an ultimate tensile strength of 80,000 to 90,000 pound 
inch, a yield point of 50,000 to 63,000 pounds per squal 
an elongation in 8 inches of over 20 per cent and they 
full bend test.’ 


Table VI* 
Corrosion Tests 








(a) EXPOSURE CORROSION TESTS 

Loss in Weight, Lbs, Per Sq. Ft. P 
Sea Water } 
Wrought Lron te ~+.+ 0.1409 
Soft Steel. + wo neae 
8.0 Per Cent Nickel Steel ...0.1178 

































(b) TWELVE MONTHS’ EXPOSURE—SEA WATER 


Loss in Weight, Per ¢ 
Weems BOG cc cmteoe cow ee os 1.89 
0.25 Per Cent Cerbon Steel ......1.72 
83.0 Per Cent Nickel Steel 














(c) EXPOSURE TO STEAM AND SALT WATER 
Boiling TI M 
Steam Two Months 10 Per Cent N . 

Loss in Weight, Per Cent 













Bessemer Steel .... ‘caheueewe 0.58 


Open-Hearth Steel .......0e006. 0.33 
3.0 Per Cent Nickel Steel ...... 











*Nickel Steel—-Synopsis of Experiment and Opinion-—D. B. Brown l 
can Institite of Mining and Metallurgical Engineers 



















The analysis of nickel steel now being extensively used 
boilers was selected not because it was the ultimum obtainable, 
because it meets the present requirements of strength adequat 
with excellent subsidiary characteristics. It now seems possible | 
the extension of some work already undertaken may make availa 
another nickel steel as much superior to the present nickel steel as 


is superior to earbon steel. 


CORROSION AND FIREBOX CRACKS 


While only a small consideration in the adoption of mic! 






*Final Report, Board of Engineers, Delaware River Bridge Joint Con 


TPrivate Communication, U. 8S. Navy Also ‘‘Nickel Steel" A | 
American Society for Testing Materials, Vol. III, 1903, 
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~«< a feature not to be overlooked is that of the increased 
e to corrosion. It is, of course, well known that above 20 


nickel confers practical immunity from the types of cor 





- 
ed Firebox Sheet Showing Corrosion Along Stress Lines Fig. 7—Drift 


000 Pounds Tensile Strength Nickel Steel Plate Fig. 8 -Bend Test on Threaded 
Stavbolt 


used 


rosion met with in boilers and this immunity is proportional to the 
able, 


nickel content below that figure. With 3 per cent nickel, tests show 


i higher resistance to corrosion than the usual boiler materials. 


1 ? 
lequa { 


sible t! 


There always has been trouble with firebox sheets of locomotive 


hoilers cracking between the staybolt holes and this trouble is ap- 


parently increasing with the increase in the size of boilers and the 
pressures employed. It is usually considered that this cracking is 
flundamentally due to corrosion, but we feel that corrosion is of 
secondary importance. It is recognized that when a steel has been 
verstressed and then subjected to corrosive agents, the corrosion 
vill take place more rapidly where the stress has occurred.’ That 


Ss hildungen und Anfressungen an Dampfkesselelementen,” Kérber and Pomp, 
Vetallschutz, May, 1927 
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this condition exists in firebox sheets which crack seem 
monstrated by the fact that even a superficial examinatio; 
that the eracks running from one staybolt hole to anoth, 
the appearance of magnetic lines of force (see Fig. 6 
follow the stress lines. We believe it unusual, if it oc 
for these cracks to run longitudinally or parallel with the . 


Boiler Pressure |bs.persq.in Absolute 
So 
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Fig Curves Showing Comparative Impact Resistance of Ni 
Carbon Bceiler Steel at Elevated Temperatures 





of least strain in a firebox sheet. If these conclusions are justified 














then it is not so much a question of corrosion as one of streng' 
and resistance to embrittlement and the obvious remedy is to appl 
a stronger sheet. Nickel steel is of double advantage here as Its 
higher strength and resistance to embrittlement enable it to resis! 
the primary cause, while it is also naturally more resistant to co! 
rosion. The first to make practical use of nickel steel for firebox 
sheets was the Canadian National railroad about three years ag 
and since then a number of others have made experimental install: 
tions. There has been no failure of nickel steel plate from this cats 


| 


. . | 
and, on the other hand, in the cases where it has been appliec 


1S 


cure, it is reported as effective. 
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BorLerR TUBES AND STAYBOLTS 


oiler tubes the situation regarding corrosion is exactly the 

of that for shell plate as corrosion-resistance is here the pri 
nsideration and the increased strength has little to do with 
Boiler tubes running from 0.10 to 0.20 per cent earbon and 








i oad E longation Curves | 
3% Ni Steel Plate vs 
Carbon Stee! Plate 





8 12 14 
6 8 10 12 
Elongationin 8.001 in 


Fig. 10—Stress-Strain Diagram of 3 Per 
Nickel and Carbon Steel Boiler Sheet 


ontaining about 2.0 per cent nickel have shown in actual service 
a life of from seven to fifteen times that of carbon steel tubes in dis 
tricts Where the water is bad. This, of course, has been sufficiently 
‘ouraging to warrant the extended use of nickel steel boiler tubes 
n bad water districts and in addition there are a large number of 
railroads who either have nickel steel boiler tubes under test or 


e using them as a regular material on some portions of their line. 
‘Heir use is not entirely new, as tubes with a higher percentage of 


’ 


‘kel were used by several of the navies, among them our own, as 


ong ago as 1900, and ones with a lower nickel percentage only a 
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few years later. The unexplained peculiarity of th 
been the fact that boiler scale collects to a much less de 


than on the ordinary tubes.° It has been reported in 
























case Where a boiler was tubed partly with carbon stee| 
with nickel steel, the nickel steel tubes outlived thre. 
bon steel and when they were removed they were fou 
practically the same condition as when they came fro 
that is, with the mill scale perfectly apparent. 

Staybolts enter as an important part into the const 
certain types of boilers. Their function is to enable t! 
resist the crushing and bursting pressure and to maintai) 
proper relative position to the shell of the boiler. One eo 
immovably in the firebox sheet, and the other end may als: 
immovably in the boiler shell or it may be allowed som 
motion through a ball and socket joint, in which ease it is ky 
as a ‘‘ flexible staybolt’’. 

The primary load on a staybolt is that which it is design 
carry,—a pure tensil@ stress which is not excessive in relation 
strength of the materials used and which is numerically 
the load due to steam pressure on a square of area equa 


product of the staybolt spacing distances. But a far mor 
portant load is that occasioned by expansion of the firebox a 
weaving of the boiler. In firing a cold boiler the firebox begins | 

















expand longitudinally before the shell plates are hot, which results 
in a bending of the staybolts. Eventually, the shell is also lv 
and expands, so that the bending is to some degree recovered 
this recovery is never entirely complete, since there is always 
marked temperature difference between the firebox sheet and 
outside shell. 

Furthermore, the inside of a boiler where it is in conta 
hot gases is very sensitive to temperature changes. For example, 1! 
opening of the firebox door will almost instantly cause a contractio! 
of the arch tubes and, to a lesser extent, the boiler tubes. Wit! 
closing of the door, expansion re-oeceurs. This movement Is «lll 


marked and has been measured. Any change in position of tli 








**Non-Corrosive Nickel Steel Boiler Tubes’”’ A. LL. Colby Proceedi ‘ 
Architects and Marine Engineers, Vol. 11, p. 135. Discussion elicited th 
parative test of two boilers, one tubed with ordinary tubes and the othe 
nickel steel tubes, after five months’ service the nickel steel tubes we! 
free from attached scale, while the ordinary tubes were rough and pitted 
the pitted surface. An 18 months’ trial showed a 7 per cent fuel econon 
with nickel steel tubes. 
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ide firebox is relative to the outer shell of the boiler and naturally, 
therefore, causes bending of the staybolts. In addition, the entire 
comotive has a certain amount of vibration. 
The result of all these factors is that the staybolts are subject 
‘) vibration and continual, even if shght, bending motion while 
nder tensile stress, and ideal fatigue conditions are established. 
Corrosion is also one of the important factors affecting stay 


bolts. Located in the worst places in a boiler from a viewpoint of 


Table VII 
Comparison of Staybolt Materials 


0.02'0.04'0.18) ...)| As reeeived !33,000/)49,400': 46.4, 1038!45 
} 1650 F.C 39,300) 46,500! 36.5'49.8 
0.06)0.04:0,09) ...| As received |34,000')48,600'384.8 51 
1650 F.C 29,400'45,500'387.3154 
0.06/0.02'0.0L' ...) As received |29,900!46, 300/41.3/73 
1650 F.C. 19,300'49,700'41.0'69 
0.15'0.36)0.03' ...| As received !32,250/58,800'89.5'65, 
1650 F.C, 1838,000)53,000/38.3'62.1!101!12!30,000) 46,000 

0.18)0.47|0,07 ..| As received |438,500/70,100/32.0'538.7/123!27 
l 
i 


31 YbI3Y? . £3,000 
2) 102'46) 31,000! 48,000 
4' 92' 88!) 28,000) 46,000 
3) 86'62/28,000'45,000 
3) 88/)17/27,000!) 44,000 
2'110'69/) 80,000 ' 49,000 


1650 F.C 84,100'68,800'82.0/51 112! 9181,000!49,000 

As received |89,600!1538,000!41.8/72 104 ; , 
0.10'0.07/0.02!2.07! 1650 F.C, $1,500/53,700'48.5!79.0!102 ; 53.000 

As received $0,700) 54,900'40.0'76.9) 107'82/85,000 5 
0.08'0.04'0.02/)1.98! 1650 F.C $2,700/55,100/43.8!77.0'103'838/32,000'51,000 


corrosion and subjected to stresses and to a temperature difference 
between the ends, both of which induce chemical corrosion, the stay- 
holt has always been peculiarly subject to rusting and pitting and 
one of the main considerations influencing the choice of material 
las been the ability to resist corrosion. 

Steel has been replacing other materials used for staybolts quite 
rapidly and of the various compositions of steel used it is note- 
Worthy that almost all contain nickel in amounts varying from 0.50 


to 5.00 per cent. The analysis most often used is a very low carbon 


- per cent nickel steel. For staybolt service such a steel is superior 


0 any other material as it is strong enough for the duty, yet re 
markably ductile, has good resistance to fatigue and remarkable im- 


pact values. On tests this type of steel has consistently shown im- 





656 TRANSACTIONS OF THE A. 8. 8. T. 


pact values of such high order that no other steel js 
class. 

A comparison between staybolt material of wrough: 
and nickel steel is shown in Table VII. 


SUMMARY AND CONCLUSIONS 


As a material for boiler construction nickel steel off 
lowing advantages— 

a. It is between 25 and 40 per cent stronger than | 
with practically the same toughness and greater resistan 
pact. 

b. At boiler temperatures it is much superior to | 

e. It is immune to aging embrittlement. 

d. Itis acommercial product and unusually uniform 

e. It can be made to develop even higher strengths { 
now demanded. 


_-=— f. It is resistant to boiler corrosion. 
g¢, It is suited for use as boiler tubes and staybolts. 


TECHNICAL REFERENCES TO USE OF NICKEL STEEL IN Bor 
L’Emploi des Aciers Spéciaux dans le Construction Elect) 

et les Centrales Electrique 4 Vapeur—(The Employment of 

in Electro-Mechanical Construction and Steam Power-Houses) 

son, Aciers Speciaux, Vol. 2, No. 24,—1927. 

Locomotive Boilers with Nickel Steel Shells—W. A. Newn 
Mechanical Engineer, Vol. 101, No. 4,—1927; Also concurrently 

Age, The Boiler Maker; Also reprinted, International Nickel ( 

A Comparison of Staybolt Materials—Jron Age, Dec. 15, 1927, Vo 
No. 24. 

Die Wirkung niedriger und hocher Temperaturen auf die Eigens 

der Werkstoffe—(Effect of Low and High Temperatures on t! 

ties of Boiler Material)—A. Stadeler—Stahl und Eisen, Vol. 48. 

p. 1195,—1926. 

Metallurgical Aspects of Modern Boiler Practice.—L. P. Sidney—Chen 
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Hochdruckkessel—( High Steam Pressure Boilers)—Fischer 
Kruppsche Monatshefte, Oct., 1925, p. 186. 

Die Kesselbaustoffe—(Material for Boiler Plates)—von P. Goerens 
Zeitschrift Des Vereines deutscher Ingeniewre, Vol. 68, No. 3, p. 41,—1924 
High Pressure Steam Research—Frank Heller—Blast Furnace and Stee 
Plant, Vol. 12, p. 345. 

Influence of High Pressure Steam on the Design and Economy of Larg 
Steam Boiler Plants.—Proceedings, World Power Conference, Wemble) 
England, 1924. Also Power, Vol. 60, p. 206. 
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kel Steel—William Beardmore— Transactions, Institute of Engineers 
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Niekel Steel—William Beardmore—Jowrnal, Iron and Steel Institute, Vol. 
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of Nickel Steel in Locomotive Construction—Report of Committee 
dings, American Railway Master Mechanics, Vol. 32, p. 223. 
Steel A Synopsis of Experiment and Opinions Transactions. 
an Institute of Mining and Metallurgical Engineers, Vol. 29, p. 569. 
stahl-Kesselbleche (Nickel Steel Boiler Plate) Rigasche Indus 
Zeitung, 1907. Also Stahl wnd Eisen, June 26, 1907, p. 628, Also 
Journal, Tron and Steel Institute, 1907, III, p. 504. 
Niekel Steel and its Special Advantages over Ordinary Steel—H. A. Wig 
n—Journal, Iron and Steel Institute, 1895, II, p. 164. 
kel and Nickel Steel—F.. L. Sperry—Transactions, American Institute 
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DISCUSSION 


Written Discussion: By W. G. Humpton, Lukens Steel Co., Coatesville. 


‘he properties of nickel steel, as shown in this interesting and com- 


paper, should merit its more extended use in locomotive boiler 


reported favorable results on the performance of the boilers con 

ed some two years ago and the outline in the paper of the properties 

ch steel under temperature corrosion and what would in a sense ap 

ximate service conditions, would rather indicate that flue sheets, tube 

ts, and crown and side sheets, which have been applied in the past year 
ive construction would likewise show excellent performance. 

have been quite a number of instances of rather short life in 

carbon steel plates when used in the above mentioned parts of 

s. This is true. Where the materials have met, in all respects, 

al and physical limitations as laid down in the specification, but 

me unaccountable reasons have not suitably withstood the service condi 

Flue sheets in particular have been the source of considerable trouble, 

the majority of eases crack in the knuckle of the flange, a location 

a breathing action brought about by temperature changes, and 


th such stresses there is an accompanying corrosion process. 


interesting to follow up these more recent applications of 


order to ascertain its value in withstanding such service eondi- 
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Written Discussion: By W. A. Newman, Canadian Pacif 
Montreal. 

The information given in Mr. MeKnight’s paper is certa 
prehensive. When I compare the data that have been present 


was able to secure when the Canadian Pacific Railway Com 


considering the use of alloy boiler steel, I must confess that 
available at that time appears very meager. 

You will no doubt be interested to know that not only 
boiler steel proved satisfactory but experiments that we hav: 
ing over a considerable length of time with locomotive forgi: 
staybolt steels indicate that nickel forging steel of very m 
chemical composition as that given for nickel boiler plat: 
most desirable for our requirements. Our experiments orig 
with various types of alloy steels having a carbon content 
and 0.50 per cent. We have found, however, that it is distinct 
to decrease the carbon and at present we are working to a | 
fication requiring a minimum of 55,000 pounds per square inch 
30 per cent elongation and 50 per cent reduction of area, this 
normalizing treatment. 

Our experiments with staybolt steels have been somewhat 
present specification calls for a maximum carbon content of 0.10 
What we require in locomotive work is materials of maximum to 
ductility that will withstand the maximum abuse and misuse, 
words, a foolproof material. It is rather remarkable just what 
very low carbon 2 per cent nickel steel staybolts will stand, in f 
will not harden under the severest treatment. 

[ have frequently been asked just why we are inclined to 
steels for boiler plate and other uses and in thinking over what 
seribes their quality, I think the phrase ‘‘ bulldog toughness’’ 
deseribes their characteristics. They are not only tough an 
ordinary temperatures but they ‘‘hang on’’ to these properties 0\ 
range of conditions and temperatures. 

I would suggest that you endeavor to get Mr. MeKnight 
some additional information in the future in regard othe: 
nickel steel as I am sure you will find some of the information 
he has, will be of just as much interest as what he has alread 
in connection with nickel steel boiler plate. 
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THE CONSTITUTION OF STEEL AND CAST IRON 
SECTION II—PART III 


By F. T. Sisco 


Abstract 






This installment, the third of the’ present series con- 
tinues the discussion of annealing. It deals specifically 
with the structural changes taking place in annealing 
plain carbon steels, and in those two wmportant phases 
of heat treatment, normalizing and spheroidizing. The 
structural changes taking place are discussed from the 
standpoint of equilibrium conditions, and the resuliing 
is described and illustrated. 










structure 

























: the previous installment we discussed in a general way the 
three factors entering into the process of annealing, namely : 
heating to the proper temperature, holding at this temperature for 
the proper time, and cooling from the annealing temperature down 
tonormal. We viewed the structural changes taking place during 
each of these steps and the effect on the structure of such variables 
as changing the rate of heating and cooling, the time of holding 
at the annealing temperature and the like. 

With this discussion as the groundwork we are now prepared 
to examine the actual structural changes taking place in annealing 
steels of various carbon percentages. We are also prepared to take 
ip some of the variations in thermal treatment that are customarily 
vrouped under the general term annealing,—for example, normal- 
izing, spheroidizing, ete..—and discover, if possible, what happens 


i these processes and why. The important subject of annealing 
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below the critical range, especially of cold drawn w 


of the more important miscellaneous annealing operati 


ing alloy steels, steel castings, patenting, and the gray 


malleable iron will, in the next installment, conclude , 
of annealing. 

In talking over the various phases of annealing we 
to confine our discussion to the theoretical consideratio) 
We are not going to describe how the man at the fir 
at the furnace treats his steel when he anneals. or no 
spheroidizes it; almost every one knows that now. Wha 
to do is to try to deseribe what goes on inside the bar 
the casting, or the piece of wire when it is annealed, 1 
or spheroidized. In annealing we know the effects pretty 
we can be chiefly concerned with the causes. We will try 
the causes by understanding what effect heat has on 
lographie structure, and how this change in structure ¢a: 
lated with properties: in other words we wish to tie up 
ical causes with the known and easily observed effects. 

In our discussion we will, in so far as it is possible 
voing too deep, treat the structural changes on the basis of equil 
brium. In common with many other things, steel that is unnatura 
ly strained from some operation or other is in an unstable structura 
condition; we say that it is in a condition of unstable equilibr 
and is held in this state by its rigidity. In general, annealing is 
operation which, by the application of heat, imparts sufficient mo! 
ity to the material so that there is a structural change from a 
unnatural or unstable state to one that is natural or stable. Wi 
have stressed equilibrium conditions in all of our past discussio 
of the constitution of the iron-carbon alloys; in heat treating op 
ations a conception of it and its accompanying structural mal 
festations becomes of outstanding importance. 


STRUCTURAL CHANGES IN ANNEALING PLAIN CARBON STEELS 


A normal hypoeutectoid steel containing between 0.05 and 4 
proximately 0.80 per cent carbon is, as we know, an aggregate 0! 
pearlite and free ferrite. We are familiar, of course, with the fa’ 
that the lower the carbon, the greater the amount of free ferrit 
When hypoeutectoid steel is heated uniformly there will be! 
structural change until the lower critical point, Ac,, 1s reached, At 
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as we have already learned, the eutectoid pearlite is 
noed to austenite, also of eutectoid composition. As heating is 
ved the austenite gradually absorbs the free ferrite which has 
iergone allotropic transformation to the gamma modification. 
When the Ae, point has been passed, the absorption of the gamma 
on is complete and we have a homogeneous solid solution of car- 
.) or iron carbide in gamma iron or austenite, with a earbon con- 
t equal to that im the original steel. 
When this steel is cooled from the annealing temperature the 
-op ferrite is rejected by the austenite as the material cools from 
‘ye Ar. to the Ar, point, until, at this latter temperature, the re- 
»ining austenite is of eutectoid composition. In cooling through 
the temperature range between Ar, and Ar,, the gamma iron 
hanges to the alpha modification. If cooling is sufficiently re 
-arded the rejection of the excess ferrite by the austenite is complete. 
With very slow cooling the free ferrite has the opportunity to 
vm distinet grains as is evident in Fig. 19. When cooling is not 
ite so retarded the ferrite rejection by the austenite will be com- 
nlete but insufficient time is available for this excess constituent 
‘) collect into individual grains. In this case we have a resulting 
structure similar to that shown in Fig. 20, in which part of the 
ferrite has been rejected to the grain boundaries; the rest is dis 
tinguishable as white patches of varying size remaining within the 
pearlite grains. When cooling is still more accelerated only a part 
‘ the free ferrite which was rejected by the austenite is in a form 
that can be distinguished by the microscope. This is shown in Fig. 
1 where a relatively small amount of the excess ferrite has been 
rejected to the grain boundaries. The rest is emulsified and is con- 
tained within the pearlite (in this case finely granular) grains. 
Still more accelerated cooling results in a condition similar to that 
shown in Fig. 22. We are sure that there is free ferrite present, 
e can see traces of it in the microstructure, but there are no dis- 
tinct grains of it evident, nor are there any grain boundaries where 
t has segregated. When cooling is so accelerated that it produces 
‘ondition similar to that shown in Fig. 22 we can almost say that 
ve have a sorbitie structure instead of a pearlitic one and free 
lerrite, 
| These four photographs show, by means of the structural con- 
ition and appearance of the free ferrite in hypoeutectoid steels, 
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Fig. 19—Photomicrograph of 0.40 Per Cent Carbon Steel. Ferrite Complete! 
Into Distinct Grains. Fig. 20—Photomicrograph of 0.45 Per Cent Carbon 5t 
Partly Rejected to the Grain Boundaries and Partly Segregated in the Pearlite G: 

Photomicrograph of 0.45 Per Cent Carbon Steel. Part of the Ferrite Reject 
Boundaries. The Rest of the Ferrite is Emulsified in the Pearlite Grains. Fig 
micrograph of 0.40 Per Cent Carbon Steel. No Ferrite Segregation Appare 
Boundaries Evident. These Four Photomicrographs Are of Annealed Carbon St 
Different Rates, All Specimens Etched jn Alcoholic Nitric Acid, All Magnifi 
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of varying the cooling rate from the annealing temper- 


The condition shown in Fig. 19 is the nearest approach 


table equilibrium, the structure of Fig. 22 is typical of almost 


nstable equilibrium ; it borders closely on sorbite, which is usually 


nsidered as one of the constituents in hardened (or hardened 


nd tempered) steels. In addition to the structural changes in the 
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Fig. 23-——Iron-Carbon Diagram Showing Heat Treatment Ranges 


errite, the cooling also affects the condition of the pearlite. We 
had occasion to refer to this in the previous installment, but will 
llustrate it further here in describing the structural changes in 


itectoid steels. 


7 by r 


ao 
I 


In the case of normal eutectoid steels (0.80 to 0.90 per cent 
arbon), at atmospheric temperature there is only one constituent 
present, pearlite. Heating these steels above the Ac,.,_, point re- 
sults in the change of this pearlite to the solid solution austenite, 
also of eutectoid composition. When steel is cooled slowly, at Ar,...,, 
pearlite is again formed. Any detectable differences in structure 
alter annealing will be due to differences in the appearance of this 
constituent. As was deseribed and illustrated in the previous in- 


‘tallment, very slow cooling results in the familiar laminated 


pearlite, thin parallel plates of cementite and ferrite; or it may 


ven result in a partial breaking up or balling up of the cementite 
h gives a structure known as divorced pearlite. More rapid 

¢ results in a pearlite in which the laminations may be curly, 
that they are hardly recognizable at all. This latter form 
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Is, aS we have seen, known as granular pearlite. Stil! 
cooling may result in a very fine emulsified structure 


laminations cannot be resolved by the microscope at 


which there is little or no free ferrite evident even at | 
eation. This structure is known as sorbite and is 
properly under the constituents in hardened and tem) 
Fig. 24 by Arnold*! shows graphically the struetur: 
erties of pearlite. The first phase is the granular, almost 
pearlite resulting from relatively fast cooling, the second 


Phase I Phase III 


Fig. 24—-Properties and Kinds of Pearlite. Fe,C Represented in Blac! 
Published by Sauveur.) 
Phase I—Sorbitic Pearlite with Emulsified FegC. Very Dark on Etchir 
Tensile Strength 150,000 Pounds Per Square Inch.  Elongat 
Phase 1l—Normal Pearlite with Semi-Segregated FegC. Dark on Et 
Tensile Strength 120,000 Pounds Per Square Inch. Elongatior 
Phase Ill—Laminated Pearlite with Completely Segregated Fea( 
of Gorgeous Colors When Lightly Etched. Maximum 
77,000 Pounds Per Square Inch. Elongation 5 Per Cent 
Phase IV—-Laminated Pearlite Passing Into Massive FesgC and Ferrit 
Maximum Tensile Strength 66,000 Pounds Per Square Inch 


phases are the normal pearlite so frequently encountered in o 
micrographs and resulting from slow cooling?*. The fourth 

is the result of very slow cooling and is a structure bordering 0! 
divorced pearlite. 

In Fig. 24, the fourth phase is the nearest approach of pear 
to a condition of stable equilibrium. The second and third phases 
although much more common in our photomicrographs of annealed 
high carbon steels, picture a structural condition not quite so stabl 
as that in the fourth phase; and the first phase, granular pearlit 
is the least stable of all. 

When steels contain more than 0.90 per cent carbon 
cementite makes its appearance in the microstructure. | 


“These structures are illustrated in the previous installment, Figs. 15 
TRANSACTIONS, American Society for Steel Treating, February, 1928, pages 31 
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this constituent must be present before it can be distin 
ished readily by the microscope. <A steel containing 1.20 per 
‘ent carbon contains only 5.4 per cent excess cementite. Annealing 
eh carbon steels containing 0.90 to 1.30 per cent carbon at the 
istomary temperatures affects only the pearlite. A 1.20 per cent 
arbon steel cooled slowly from hot working temperatures will, at 
normal temperatures, consist of 5.4 per cent excess cementite and 
4.6 per cent pearlite. If we heat this steel slowly and uniformly 
no structural change will occur until the Ae,..., point is reached. 
\t this temperature the pearlite will change to austenite of eutec- 


toid composition. Now if we cool slowly through the Ar,.._, point 









this austenite will again change to pearlite; divorced, laminated, 
granular, depending upon the rate of cooling. In this regular 
mnnealing process consisting of heating into the annealing range 
shown in Fig. 23 (reproduced from part II, Fig. 11) the excess 
ementite is not affected. In other words annealing a 1.20 per cent 
‘arbon steel is exactly like annealing an eutectoid steel and affects 


only the pearlite. It sometimes is very desirable, in fact necessary, 









to change the struetural condition of the excess cementite. This is 


‘complished by the operation of normalizing. 


STRUCTURAL CHANGES IN NORMALIZING 





In a former installment?* we traced the constitutional changes 


i high carbon steel containing 1.25 per cent carbon that occurred 


‘ooling from above the melting point to atmospheric temperature. 
When this steel solidified it consisted of the solid solution austenite 








nyt 


ontaining 1.25 per cent carbon, which is equivalent to 6.2 per cent 
excess cementite, and 93.8 per cent pearlite. This austenite con 
taining 1.25 per cent carbon cooled unchanged until the Ar.» point 
Was reached—for this steel about 1725 degrees Fahr. At this point 
he austenite became supersaturated with respect to cementite, and 
isa result some of this constituent was rejected by the solid solu- 
lion, This rejection continued as the temperature fell from the 
\rom point to the Ar... 











, point, at which temperature the remaining 
ustenite was of eutectoid composition. 

lf cooling is slow the excess cementite will be rejected to the 
rain boundaries and will take the form of a network around the 
earlite grains. Some cementite will not reach the grain boundaries 


(see Kig. 23) 








American Society for Steel Treating, November, 1926, page 8(4 
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and will be found as needles or spines within the 


erain 


typical structures are shown in Figs. 25 and 26. In Fj 


—* 


small amount of cementite is present. At a magnificat 


diameters a little can be detected at the grain boundari 
appears as white needles within the grains. In Fig. 
diameters, the cementite network around the grains is d 
fairly heavy and there is considerable of this hard const 
eated within the grains. 

When a high earbon steel is heated to the annealing 


Lemper- 
ature, about 1400 degrees Fahr. (760 degrees Cent.), fre 


‘ementite 
is, as we have already stated, unaffected. Consequently, 


we have refined the structure of the pearlite matrix, we have no 
secured a thoroughly soft and ductile steel due to these needles and 
envelopes of hard, brittle cementite that enclose the pearlite grains, 
In order to break up this network of free cementite we must heat 
the steel to a temperature sufficiently high so that this constituent 
will go into solution in the austenite. This is shown it 
which gives the normalizing temperatures for the high carbon stee! 
as a range of about 50 degrees Fahr. above the Ae,,, line. 


After heating to this high temperature to affect the solutio 


ilthouel 


of the excess cementite we must now cool sufficiently fast so that 
it will remain in solution. If we allowed the steel to cool slow) 
the excess cementite would be again rejected by the austenite and 
would again form a network around the pearlite grains. Cons 
quently. we accelerate the cooling by quenching in air or oil. | 
the case of high carbon steels we can ordinarily obtain our object 
by cooling in air. 

We can now define normalizing as a process of heating hyper 
eutectoid steels to a temperature high enough to affect solution 0! 
the excess cementite, followed by cooling relatively fast 
most of the excess cementite will be retained in solution at 
pheriec temperature. 

In order to attain our objective in breaking up the net) 
of hard, brittle cementite we have practically undone two of 
most important results of annealing. We have first of all 
our steel to such a high temperature (100 to 300 degrees a!) 
A,..., point) that considerable, often an excessive grain grow! 
takes place. Secondly we have cooled the material so rap aly | 
some hardening generally takes place, thus making machining dit 











CONSTITUTION OF STEEL 


mper- 


lentite 





houg! 


solution 
so that 
1 slowly 
nite and 
(‘onst 
' oil. | 


Ol eC] \ 





iv? th) per 


otomicrograph of 1.10 Per Cent Carbon Steel. Pearlite Grains Dark, Cem 
a Network and as Needles in the Grains. Magnification 500 X. Fig. 26 


») 

i gy as 

raph of 1,40 Per Cent Carbon Steel. Cementite Network Around the Grains and 
tite in the Grains. Mag. 100 X. Fig. 27 Photemicrograph of 1.24 Per Cent 
Mag. 100 X. Cementite and Spheroidized Completely. All Specimens Etched 
tric Acid. 
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cult. Henee, in order to have a desirable, homogeneo 
one that is soft and ductile, and still have a minimum 

brittle network or needles of free cementite present, w 

our normalizing by an annealing treatment. If we ann 
ing just above the Ac,.,., point we replace the large 
sirable small grains and we change our hard sorbite or | 
bite into soft and more ductile pearlite. 


Coming back to equilibrium conditions, let us see what happens 
in normalizing. If we cool a high carbon steel slowly from rolliyo 
or forging temperatures, we have laminated pearlite with exces 
cementite in the grains and at the grain boundries. We have a oe 
dition approaching stable equilibrium. Now if we heat this stee| 
to ordinary annealing temperatures and cool slowly we have ») 


pra treat 


tically the same structure as we had before, with the possible ey 


holdi 


rapld 


‘arde 


ception of a change in grain size, laminated pearlite and fre 
cementite. We have not changed our conditions of equilibriun 
greatly. Now if we heat this steel high enough to effect the solu 
tion of the excess cementite and cool rapidly enough to keep most 
of this constituent in solution, we have cooled too rapidly for 
pearlite to form; instead we have sorbite, or even the harder 
stituent troostite. The steel is now much more unstable structura 


1\ 
But now if we anneal this steel by heating to the proper annealing 
range and cooling slowly we have a return to stable equilibrium (or 
at least a condition approaching it) with our pearlite again evident 
In other words normalizing and annealing has resulted in a fina! 
condition of stable equilibrium but has changed the torm otf th 
excess cementite from a hard, brittle network to smaller and 
distributed particles. 

One of the greatest advantages of normalizing, especially for 
high carbon tool steels, is that it improves the hardening properties 
more uniform and thorough hardening results when the cementite 
network has been thoroughly broken up. Steels containing muc'! 
free cementite should always be normalized and the normalize 
operation should always be followed by some sort of an annealing 
operation. 

In recent years it has been found that the most desirable str’ : 
tural condition for machining and for hardening high carbon to 
steels (and for some alloy steels as well) results from normalizing 
followed by annealing at a temperature at or just below the Ac 
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nint. ‘his operation is known as spheroidizing and will be dis- 

ussed presently. 
Although normalizing temperatures are generally sufficiently 
‘+h so that considerable grain growth may occur, this treatment 
jso equalizes the grain size and for that reason is occasionally used 
» Jow and medium earbon steels. Im many hot working operations, 
especially in forging and hammering, finishing temperatures may 
“en he high. If this is the case very large grains will be the result. 
rolling Often hot working leaves the piece extremely heterogeneous in 
eo structure. Heating to the normalizing range shown in Fig. 23, 
€ a CO! holding at this temperature until saturated, followed by relatively 
his steel rapid cooling will make the structure uniform. The normalizing 
treatment is frequently used for steels of 0.40 to 0.75 per cent 
sible. ex ‘arbon. 
ind free ' 
ilibriun STRUCTURAL CHANGES IN SPHEROIDIZING 


the solu- Spheroidizing may be defined as an annealing treatment carried 


uit by heating to the lower critical point or just below this point. 
idly for he object of spheroidizing is to produce a structural condition 


whereby the cementite is in the form of rounded particles or spher- 


eep most 


rder col 
cturally ids, instead of lamellae as is the case in ordinary annealing. In 
innealing veneral, spheroidizing increases the machinability and toughness 
rium (OF of the steel and in many cases makes it respond better to hardening. 


In most cases spheroidizing follows the normalizing treatment. 


1 evident 


In a Mn In all of our previous discussion of the iron-carbon alloys we 


lave stressed the fact that if conditions are favorable the alloy tends 
to seek a condition of stable equilibrium. In the ease of steels slow- 
lv cooled from above the critical range this stable condition is usual- 
y evidenced by distinct grains of laminated pearlite and excess 
lerrite or cementite as the case may be. When we studied the cast 
| iron series containing more than 1.70 per cent carbon we saw that 
ung mul ihe cementite, instead of partly forming pearlite and partly ap- 
pearing as an exeess constituent, tends to dissociate into iron and 
free carbon (graphite), the final stable form. 

If conditions could be made ideal—infinitely slow cooling for 
‘\ample—theoretically we would find that graphite and not ce- 
mentite was the final stable form even in the low carbon alloys. 
Practically however. very slow cooling of the low carbon alloys, 
the Ac t series containing less than about 1.70 per cent carbon) 
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results in laminated pearlite and excess ferrite or ¢ 
our previous discussion we have considered laminated 
pearlite to be stable, and in truth it is, because it is wha 
vet in our commercial slow cooling. 

We have learned also that there are several structi 
of pearlite, ranging from the emulsified or granular p 
result of relatively rapid cooling, to the pearlite of lar 
laminations, the result of very slow cooling. If cooling 
retarded which is sometimes possible in very large sections. 
a tendency for further approach to a condition bordering 0) 
equilibrium, namely the divorcee of the cementite and its 
into rounded, often large particles. 


Laminated pearlite, the result of our customary annealiy 
process for steel is often not just the structural condition \ 
We want to produce a condition still more stable, in other words 
we want a structural condition whereby the cementite is in round 
particles instead of long, narrow plates. We have found that st 
in this structural condition often has higher strength and elast 
limit, higher ductility and softness, especially marked in high car 
bon steels. In addition it seems to machine better and res; 
more uniformly to hardening. 


wy 
0) 


It might be possible to secure this condition by a regulatio 
of the cooling, but it is hardly practicable. So instead of trying | 
regulate our regular annealing process to produce the spheroid 


tion of the cementite we cause it by a more complicated treatment 
but one much more easily controlled. 

In order to produce this spheroidized cementite in high car) 
steels where it is a most valuable structural condition, we first of a 
normalize, thus breaking up the brittle cementite network and pr 
dueing a matrix of granular pearlite, sorbite or even a more 
stable form. Then we reheat the steel to a temperature just al 
just below the Ac,..., point. At this heat there is a distinct m 
bility and a marked tendency for the cementite to assume t 
rounded, spherical form. 

To a certain degree, the more unstable the structural eonditio 
the more rapid and complete the stabilization tendency upon l 
heating, and the more complete the resulting spheroidization. li 
the steel is sorbitie it spheroidizes readily. Fine lamellar pearl 
spheroidizes more quickly and more completely than pearlite Wl" 
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wee Jamellae. The result is that we get a better and more com 
det spheroidization if a high carbon steel has been air-cooled from 
normalizing temperature than if it is cooled very slowly. 
lt has been found that hypereutectoid steel spheroidizes most 
oadily, hypoeuteectoid steel probably ranks next, and eutectoid steel 
ist. The reason for this is that the excess cementite or ferrite acts 
<a nucleus for the spheroidization process. There are many fac- 
‘ors entering into spheroidization. The structural condition of the 
¢ee|—that is, Whether it is sorbite, granular or laminated pearlite 
-of utmost importanee. Very important also, is the temperature to 
vhieh the steel is heated and the length of time the steel is held at 
this temperature, 
In spheroidizing high carbon steels they are usually normalized 
rst to break up the cementite network. This is done by heating 
to the temperature shown in Fig. 23, followed by air or oil quench- 
ng. The steel is then reheated to about 1275 to 1350 degrees Fahr. 
nd held long enough to produce the required structure. This of 
ourse varies With the composition of the steel, its structural condi- 
tion and the properties desired. 
or spheroidizing hypoeutectoid steels, they are heated to a 
temperature just at or shghtly below the Ac, point followed by air 
egulation ooling. They are usually normalized; that is, annealed or oil- 
trying t ienched before spheroidizing. 


heroid Emmons found by experiment that a completely spheroidized 
steel is not always the best for machining. He recommends regu- 


ting the annealing process, especially the cooling so that the re- 
sulting structure consists of about 25 per cent lamellar pearlite and 
first of al the balance spheroidized cementite and carbonless iron. 

< and pr Mig. 27 shows a 1.25 per cent carbon steel in which the ce- 
more Wl nentite has been completely spheroidized. 

just at Lonealing is a term coined*‘ to cover the operation of annealing 
istinct m elow the critical range followed by any rate of cooling. It ean 
issume tl differentiated from spheroidizing first, in that the latter may 
volve heating to some point just within the range as well as just 
low the range, and second, in spheroidizing the material is held 
y upon tr ora relatively long time at the proper temperature and in addition 
doled slowly in the upper part of the cooling range. Lonealing de- 
lar pearlit ines a general class of annealing operations (for example annealing 
earlite will 


L conditio 


ization. li 


} 


definitions, TRANSACTIONS, American Society for Steel Treating, Vol 





672 TRANSACTIONS OF THE A. S. 8. T. 


after cold work ete.) while spheroidizing defines a speci! 
We will see in a later installment, that spheroidizin: 
tempering in many respects. In fact it is often hard to differentias, 
the two. Tempering is an operation that involves reheati, 
ened steel to some temperature below the critical range 


i Catment 


resembles 


Y a hard 


object of relieving strains, reducing the hardness and _ brittlenos 


and increasing the toughness and resistance to shock. Many tines 
a high earbon steel air-cooled or oil-quenched in normalizing _ hard 
If that is the case, reheating to, or just below the critical point bi 
in fact, tempering in that it does relieve strains and reduce he 
hardness. But it is more than that; it is a definite operation + 
which the steel is subjected with the object of attaining a definite 
structural condition, while tempering is a general class of operations 
with different objectives. 

Spheroidizing is used almost universally for some high carbo 
steels, and especially for some alloy steels. Many of the alloy steels 
eannot be machined satisfactorily nor hardened uniformly unless 
they are spheroidized. This is especially true of the steels that co 
tain excess cementite and other carbides. We will have occasio 
to look further at this in the next installment. 
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REVIEWS OF RECENT PATENTS 


a 
Reviews of Recent Patents 


| By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A. S. S. T. 


1,654,716, Rust-Proofing Process, William H. Allen, of Detroit. 

This patent relates to the process of rust-proofing, particularly applic 
to sheets and other articles which are subsequently to be enamelled. 
‘; an object of the invention to prevent the sheets from becoming 


ughened by the coating of phosphate of iron which is deposited in the 
ig . 


-yst-proofing process. In the drawing, the tank 1 indicates a solution 
water phosphoric acid and iron filings which is first boiled and the 





sheets 2 to be coated with the phosphate are suspended therein by means 
fa suitable rack, A frame 3 above the tank 1 is provided with a series 

rods 4 carrying at their lower ends rolls or pads 5 of cotton cloth or 
ther suitable material. During the rust-proofing process, the frame 3, 
supporting the pads 5, is moved slowly up and down to lightly rub the 
surfaces of the sheets 2 to prevent erystalline growth thereon and pre- 


ve the smoothness of the sheets. 


1,654,954, Tub, Claude C. Westerman, of Bremen, Ohio. 
This patent describes a quenching tank, particularly for the temper 
; of steel bits in which the edge of the bit is held in position to receive 


‘Steady flow of cold water thereon. The tank comprises a trough 1 


““Pperted upon the ends 3, in which is located the inlet pipe 11 for the 


’ 
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cooling fluid and the supporting racks 8 which hold the di: 
to receive the flow of water against the edge thereof. ‘1 
the pipe 11 ean be readily disconnected and removed, 


interior of the tub for cleaning operations. 


1,659,214, Metal-Treating Compound and Method of 
Milton L. Moyer, of Souderton, Pennsylvania, Assignor, by Direct ay, 
Mesne Assignments, to Milton L. Moyer, Edwin J. Prindle, and Bragjo 
Stoughton, Joint Trustees. 


Making Same 


COT 


This patent describes a metal treating compound 
soap, eight ounces 
sperm oil, two ounces 
alum, one-half ounce 
mereury bichloride, one-quarter ounce 
zine sulfate, one-quarter ounce 
litharge, one-eighth, to one-quarter ounce 
carbon, one-eighth to one-quarter ounce. 
The iron and steel articles undergoing treatment are firs 
straw color and then immersed in the compound and left pri 
thoroughly cool. This patent describes several comparat 
cating the benefits of this compound. 


1,659,550, Method of and Furnace for Uniting Metal Parts by Fusion 
Christian Steenstrup, of Schenectady, New York, Assignor to Genera! 
Electric Co., a Corporation of New York. 

This invention relates to an apparatus for automatically 
parts by fusion and comprises a towerlike furnace 1 heated }) 
resistors 3, closed at either end by sliding, charging and removi: 


and 10, means being provided at 12 for introducing a non- 


OOOO, 


he theaters 


such as hydrogen, into the chamber. In the operation of th 
articles to be charged in the furnace for fusion are placed on 
upon the support 9 and the slide 10 is moved thereover, 
magnet 11 energized to pick up the articles from the support 
them in position over the stack 5 inside the furnace, The ' 
electromagnet 11 is then shut off and the article dropped to t! 








y Fusion 


0 General 
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articles reach the bottom of the pile, the slide 4 is actuated 
k and pinion to move the lowermost article below the shoulder 5 
» outside the furnace where it can be removed and the slide 4 


position below the stack for the reception of the next article. 














1,659,946, Apparatus for Heat Treating Articles, Joseph William Fay, 
of Villa Park, Illinois, Assignor to Western Electric Co., Incorporated, 
of New York, a Corporation of New York. 

rhis invention describes an apparatus for automatically heat treating 

Jog in which the articles 47 undergoing treatment are supported in an 

ial heating element enclosed within the chamber 38 and 39, which 


’ 





or ¢ 
5 


lement rotates in a horizontal plane, the heat being supplied from 





| Tet) 1] 


= 
el: al 
ff - by 





table conductors to the brushes 17 which contact with concentric rings 16 
ow the transformer casing 10. The transformer casing 10, as well as 
heating elements within the chamber 388 and 39, are constantly rotated 


rom the worm 73 and worm wheel 72. At the completion of each revolu 









of the articles 47 placed in the heating elements inside the cham 
‘Sand 39, these articles are brought opposite the fingers 93 of a revol\ 
g turret 50 and the fingers actuated to grasp the articles and remove the 
from the furnace and on rotation of the turret 50 through 180 degrees 


the heat treated articles and permit them to drop through the 
at 102, 
















1,659,661, Steel Alloy and Process of Making the Same, Thomas A. 
Moormann, of Milwaukee, Assignor to Kinite Corp., of Milwaukee, a 
Corporation of Wisconsin. 


‘his patent deseribes a new steel alloy having a composition approxi 


of carbon 1.50 per cent, chromium 13 per cent, cobalt 0.70 per cent, 


lybdenum 1.10 per cent, boron 0.05 to 0.20 per cent. It is an object 


entor to produce an alloy for steel casting in which the film of 
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oxide which forms on the ordinary steel casting alloy and 
during the pouring of the casting so as to carry with it 
and other extraneous matter resulting in imperfections in + 
the casting is eliminated, resulting in a smooth surface stee! 
other advantage resulting from this alloy is that the six 
necessary to obtain solid castings may be greatly reduced 
is accomplished by the use of a relatively small quantity ot 
in chromium alloys, forms a very fluid flux which has no delet 
effect on the surface of the castings. The boron is added 
tapping the furnace in the form of ferroboron or boron ma 





1,660,398, Manufacture of Malleable Cast Iron, Harry A. Schwartz, o5 
Cleveland Heights, Ohio, Assignor to National Malleable and Steel Cagt. 
ings Co., of Cleveland, a Corporation of Ohio. 


This patent describes an improvement in the manufacture of ma 
cast iron containing sulphur, selenium or tellurium above certain limit 
whereby instead of adding manganese to combine with the sulphur to { 
manganese sulphide in place of the iron sulphide films which interfere wit 





the annealing operation, a rare earth element, such as cerium, is add 
the molten iron before pouring in amounts sufficient to combine wit! 
sulphur and other deleterious elements to form globules rather tha 
sulphide net work. In annealing the resulting casting, the combi 
‘arbon is free to separate out as temper carbon and the amount of ce 
does not need to be regulated as an excess of cerium does not hav 
harmful effects of an excess of manganese. 


1,660,702, Welded Annealing Box, John Barrow, of Columbiana, Ohio 














This patent describes a welded annealing box which is so construct 
that no weld will oceur at the corners or other points of stress. Th 
comprises a main body or plate 10 constituting the top 11 and the tw 
sides 12 of the box, the sides joining the main plate 10 by curved por 


13. The plate 10 and the sides 12 are inwardly flanged at 14 to define tl 
rectangular opening 15 into which the plates 16 are welded to the flang' 
portions 14. The flange portions extending past the corners and below 
the top of the box receive the strains which normally occur at the corners, 
thereby protecting the weld around the edges of the plate 16 and increas 
ing the life of the box. 
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THE ENGINEERING INDEX 


Registered United States, Great Britain and Canada 


Arrangements have been made with The American Society of Mechanical 
enginet rs whereby the American Society for Steel Treating will be furnished each 


month with a specially prepared section of The Engineering Index. It is to 
acini items descriptive of articles appearing in the current issues of the world 3 
engineering and scientific press of particular interest to members of the American 
Society for Steel Treating. These items will be selected from the copy prepared 
f r the annual volume of the Index published by the A. S. M. E. 

In the preparation of the Index by the staff of the A. S. M. E. some 1,200 
domestic and foreign technical publications received by the Engineering Societies 
Library (New York) are regularly searched for articles giving the results of the 
world’s most recent engineering and scientific research, thought, and experience. 
hwartz, of from this wealth of material the A. 8. S. T. will be supplied with a selective index 
| ai to those articles which deal particularly with steel treating and related subjects, 
teel Cast. Photostatic copies (white printing on a black background) of any of the 
articles listed may be secured through the A. 8. 8S. T. The price of each print, 
up to 11 by 14 inches in size, is 25 cents. Remittances should accompany orders. 
A separate print is required for each page of the larger periodicals, but whenever 
possible two pages will be photographed together on the same print. W hen ordering 
prints, identify the article by quoting from the Index item: (1) Title of article ; 
(2) name of periodical in which it appeared; (3) volume, number, and date of 
publication of periodical; and (4) page numbers. 





\IRPLANES 3: Tungsten, chromium and manganese steels ; 
MANUFACTURE. The Works of the manufacture ; properties and uses. 

Bristol Aeroplane Company. Automobile PROGRESS. The Steel and Alloy Steel In 

Engr.. vol. 18, no. 288, Feb. 1928, pp. 46- dustry During 1927, S. J. Hewitt. 

16 figs Special production methods of Chemist, vol. 4, no. 36, Jan, 1928, pp. 18 

stol Aeroplane Co, to insure accuracy and 19, 2 figs. Demand for alloy steel for auto 

gh-grade finish; foundry equipped for pro- mobiles and general engineering having been 

ion of aluminum castings; in machine well maintained: in reference to these indus 

) plant machines are grouped almost en- tries, steels containing small percentage of 

y according to type; machining heavy molybdenum, in addition to chrome and 

ana, Ohio. lumin crankease ; using separate operation nickel, are coming into more general use; 

wings in shop wherever possible; white introduction of Ajax Northrup high frequency 

etal for bearing bushes centrifugally cast ; electric furnace by Electric Furnaces Co. 

The box tection of finished parts against rust and Ltd., to replace crucible furnace for manu 

rosion facture of alloy tool steels has been out 

standing feature of 1927. 


Indus. 


onstruet 


ALLOY STEELS 
COPPER CONDITIONS.  Anti-Corrosive ALLOYS 
Steels Containing Copper (Les aciers_ in- ANTI-CORROSIVE. Corrosion Resistant 
les au cuivre), Technique Moderne, Alloys. Mech. World, vol. 83, nos. 2142 and 
, no, 8, Feb. 1, 1928, p. 146. De- 2143, Jan. 20 and 27, 1928, pp. 48-49 and 
series of alloy steels developed in 64. Presence of electrolytes in solution most 
under trade name of Apso; these important external factor causing corrosion ; 
els are not absolutely stainless, such as corrosive attack increased with concentration 
se having high nickel and chromium con- until it reaches critical concentration, then 
tent, but they are considerably less expensive, decreases until limiting concentration reached ; 
xtremely resistant to atmospheric conditions iron-silicon ; iron-chromium ; chromium 
nd to sulphuric acid and hydrochloric acid nickel-iron and nonferrous alloys; copper 
ns alloys present interesting peculiarities as re 
MANUFACTURE AND PROPERTIES. gards corrosion; improve corrosion-resisting 
\lloy Steels, Their Manufacture, Properties, qualities of copper alloys by substituting 
| Uses, H. O. H. Carpenter. Royal Soc. nickel; Everdur. Corrosion-resistant prop- 
\rts—Jl., vol. 76, nos, 3923 and 8924, Jan. erties of different alloys; choice of alloy. 
and Feb. 3, 1928, pp. 250-271 and 278- HEAT RESISTING. Heat Resisting Alloys, 
Y7, 17 figs. Jan, 27: Describes two meth- T. H. Turner. Metal Industry (Lond.), vol. 
classifying nickel steel; information 32, no. 6, Feb. 10, 1928, pp. 153-155, 4 
define th ‘ presented in graphic and tabular form, figs. Properties required in heat-resisting 
the flang rol a are included showing alloys; how demand for resistance to high 
‘Tucture of steel; statistics of production ; temperatures has been met; main groups of 
and below incipal alloying metals used; effect of heat resisting alloys: choice of particular 
‘Moying metals on inversions of steels, Feb. alloy; alloys for steam use. Abridged report 


ida 


b 
20 


t 


is of 


he eorners, 


nd increas os Those members who are making a practice of clipping items for filing in their own filing 
‘tem may obtain extra copies of the Engineering Index pages gratis by addressing their 


est to the society headquarters, whereby their names will be placed on a mailing list to 
“ive extra copies regularly. 
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of lecture given before co-ordinated Societies 
in Birmingham, Eng. (To to concluded.) 
MAGNETIC, Magnetic Alloys Names and 
Defined. Iron Age, vol. 121, no. 8, p. 5384. 
Several important brands in common use de 
scribed in terms of properties and composi 
tion; permalloy; hipernick; copernick; A 
metal; thermalloy; K. 8S. magnetic steel, 
cobaltcrom ; permanite and nomag. 


NICKEL-GOLD-PALLADIUM, The Alloys 
of Nickel, Gold and Palladium, W. Fraenkel 
and A, Stern, Metallurgist (supp. to En 


gineer), Jan. 27, 1928, pp. 14-15, 2 figs. 
Study of liquidus surface of nickel-gold 
palladium alloys; binary system formed by 
three metals; gold-nickel alloys solidify in 
similar manner to nickel-palladium group, 
minimum occurring between 15 and 20 per 
cent of nickel; as all three binary systems 
give rise to complete series of solid solutions, 
it is probable that ternary system will, in 
neighborhood of solidus, also consist of single 
series of solid solutions. Abstract translated 
from German, 


TEMPERATURE, EFFECT OF, On the 
Influence of Temperature on the Properties of 
Alloys, J. Cournot. Information on Refrigera 
tion (Institut Int. du Froid)——Monthly Bul., 
no. 9-10, Sept.—Oct. and Oct.—Nov. 1927, 
pp. 873-874. Author summarizes present 
state of knowledge on variation of properties 
of alloys and practical consequences there 
from; study of these variations is made by 
means of test tubes of alloys considered, by 
bringing these tubes to temperatures required 
and determining by appropriate tests values 
of properties sought for. Translated from 
Rev. Scient., no. 19, 1927, pp. 589-595. 


ALUMINUM 

RECRYSTALLIZATION. Tensile Strength 
and Electric Conductivity of Recrystallized 
Aluminum Wire and Its Practical Application 
for Rolling Process. (Zugfestigkeit und 
elektrische Leitfaehigkeit an rekristallisiertem 
Aluminiumdraht und die Nutzanwendung 
fuer den Walzvorgang), H. Bohner. Zeit. fuer 
Metallkunde, vol. 20, no. 1, Jan. 1928, pp. 
8-18, 6 figs. Review of literature on re 
crystallization of aluminum; relation between 
tensile strength and electric conductivity and 
influence ef chemical composition on these 
properties; results of tests on pure aluminum 
of different composition and application of 
results to manufacture of aluminum wire. 


ALUMINUM ALLOYS 


CASTINGS. Influence of Soda Additions 
on the Strength of Aluminum-Copper Alloys 
(Sand-Cast Aluminum) [Ueber den Einfluss 
von Natriumzuschlaegen auf die Festigkeits 
eigenschaften von Aluminium-Kupfer-Legie 
rungen (Aluminium-Gusslegierungen) ], F. 
Goederitz. Giesserei, vol. 15, nos. 3 and 4, 


Jan. 20 and 27, 1928, pp. 55-61 and 82-88, 
23 figs. Investigates influence of different 


soda additions on strength, elongation, notch 
strength, hardness and grain size of aluminum. 
copper alloys 96:4, 92:8, 80:20 and 68:32; 
it is shown that sodium in general has 
deteriorating effect on all mechanical prop 
erties; includes photomicrographs. 


CONSTITUTION. The Constitution of 
Alloys of Aluminum with Silicon and Iron, 
A, G. C. Gwyer and H. W. L. Phillips. En- 
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gineering, vol. 125, nos 

10 and 17, 1928, pp. 179 
21 figs. Investigates condit 
composition determining 
rious constituents, with 

any structural changes ta 
ordinary operations of wor 
Paper read before Inst. of M 
_LAUTAL, The Exper 
tion of the Curve of Cri) 
Lautal (Die experimentel| 
Kurve der kritischen Disper 
Lautal), K. L. Meissner 
kunde, vol. 20, no. 1, Ja; 
18, 10 figs. Aging test 
mens were undertaken at 

of 125 to 220 deg. Cent. i: 
curve of critical dispersion of | 
aging temperature was foun 
deg. Cent. 

PROPERTIES AND TRE\TM 
duction and Industrial Apy 
minum Alloys (Die techni 
und Verwendung von A 
gen), v. Zeerleder. Sch 
tung, vol. 91, no. 8, Jan. 21 
30, 8 figs. World’s aluminu 
period of 19038 to 1927 and 
minum exported from Switz 
of 1907 to 1927: chemical 
mechanical properties of 4d 
corodal and other aluminum 
aluminum alloys by heat tri 
methods; uses of aluminu 
trical transmission 


ALUMINUM BRONZE 

CASTING. Casting Large B 
J. Strauss. Metal Industry (1 
no. 6, Feb. 10, 1928, pp. 1 
mercial ingots of aluminum 
weight 200 to 500 Ib., ace 
sions of bars or sheets req 
are melted and poured; meth 
ing and forging; effect of forgi: 
ing temperatures on phy 
aluminum bronze; properti: 
stracted from Iron Age, Dec. 8 
be concluded. ) 


BEARING METALS 
LEAD-BASE, A _ Discus 

Bearing Metal, G. A. Nel 

Machy. Wld., vol. 19, no. 1, Jar 


12 and 25, 8 figs. As substitut 


base babbitt metal at much 

in line shaftings and parts of 
do not receive shocks; heated | 
Fahr.; at definite intervals { 
ture readings taken; time | 
temperature; care to prevent 
pouring box of this metal ; 

ing for lower half of box ar 
for upper half. 


BEARINGS 
MANUFACTURE, The Ma 
Ball and Roller Bearing, G. Ja’ 
Steel of Canada, vol. 11, | 
pp. 87-44, 22 figs. Outline 
tions; initial forming method 
furnace for hardening balls 


grinding or lapping; final grind! 


ing and surface inspection; ¢ 
ing, annealing and machining 
Paper read before Eng. Inst. o! ¢ 
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pERYLLIUM 
ries Lighter than 
nr. E. Kirk Minn. ‘Trechno-Log, 
i Jan, 1928, pp. 109-110 and 
ties of beryllium and advan 
nough to scratch glass, malle 
tensile strength, better con 
etricity than copper; history ; 
kali-fusion and fluoride-fusion 
from ores; chemical 
tic reduction methods; extended 
juction at reasonable price. 


Beryllium 


PROPER 


extraction 


PROPERTIES Alloys of Beryllium with 
» Nickel, Cobalt and Iron (Legierungen 
mit Kupfer, Nickel, Kobalt 

G. Masing. Zeit. fuer Metall 

0, no. 1, Jan. 1928, pp. 19 
Investigations on behavior of 

vith above named metals; dis 

cal properties of alloys and their 


BERYLLIUM ALLOYS 


RERYLLIUM-COPPER, Refining of Beryl 
(Copper Alloys (Verguetaungserscheinungen 
Beryllium Kupferlegierungen), O Dahl 

Metallkunde, vol. 20, no. 1, Jan 
94 6 figs Shows dependence of 
beryllium content of 
innealing and quenching tempera 


process on 


BRASS 
YIELD POINT The Yield 
Metallurgist (supp. to 
1928, pp. 11-138, 1 fig. 
phenomena in brass; 


Point, W. 
Engineer), 
Investigation 
facts and in 
have bearing upon possible explana 

f phenomena of yield in iron and steel; 
that phenomena of yield are defi 
sociated with duplex structure of 
kind and suggest that phenomenon 

vy under reduced load, once yield has 
due to breakdown of support af 
harder constituent to softer; yield 
found in cold-worked metals are 

ises entirely different from those 

te in duplex alloys possessing cer 
microstructure; author ascribes 

in work-hardened metal to effects 

| stresses, Abstract translated from 
Metallkunde, Aug. 1927. 


BRASS FOUNDRIES 


PRACTICE, The Fundamentals of Brass 
ndry Practice, R. R. Clarke. Metal 
tr (Lond ), vol, 32, no. 6, Feb. 10, 
pp. 157-159, 1 fig. Deals with flow 
d metal; its laws, and question of 
rreen sand molds; deciding factors 
f action of crust on gases. 
tinuation of serial, ) 
METALLURGICAL CONTROL 
nd rests Every Heat, E 
6, no. 1, Jan, 1, 1928, pp. 2-6 and 
Modern brass foundry that 
most complete metallurgical and 
lepartment according to present day 
is Mueller Brass Co., Port Huron, 
‘ils of labor-saving 
employed 


sands . 


Brass 
Bremer. Found 


devices and 

riey The Fundamentals of Brass 
‘ractice, R,. R, Clarke. Metal In 

ne vol, 31, nos. 6, 7, 8, 9, 10, 

17 and 25, Aug. 12, 19, 26, 

Oct. 7, 14, 21, 28 and Dec 


28, 1927, pp. 123-125, 147-148, 175-177, 201 
202, 289-290, 319-320, 341-842, 566-367, 393 
304 and 582-588, 48 fig Aug. 12: Phys 
and chemical pha es ot foundry; 
warped castings and = core-blow Aug 1” 
Calculating metal pouring pres 
sure desirable, Aug ’6: Correct practice 
for green-sand molding ; action and 
reaction Sept. 2: Reaction at surfaces; con 
dition and “tbody’’ of sand; 
radiation and 
faces Sept 9 


iT al 
preventing 


pressure 
buoyancy ; 


grades of sand; 
volume and = sut 
Expansion, construction, and 
remelting metal; pouring tempera 
ture; practical applications; logical sequence 
of operation; molding castings vertically 
Sept. 380: Shrinkage and low cohesion; radia 
tion and concretion; chilling inadequate for 
overcoming shrinkage ; concealed cavities 
Oct. 7: Results of shrinkage; effect of gravity 
Oct. 14: Difficulties loose pattern work, and 
fallacies entertained in practice. Oct 21 
28: Flow of liquid metal; its laws 
tion of dry green-sand 
Depth of sand to be 
wassous activity; 


concretion 5 


cohesion ’ 


and 
, and ques 
molds Dec 23 
rammed; principles of 
mold geses and their origin 
CASE HARDENING 

CARBON DIFFUSION, The Diffusion of 
Carbon in Carburized. Iron Fuels and Fut 
naces, vol, 6, no, 2, Feb. 1928, pp. 211-212, 
6 figs. Investigation by E 
examination showed conclusively that with 
steel samples within temperature range of 
1200 to 1470 deg. Fahr., surface zones had 
been transformed into cementite layer; re 
sults show that true diffusion takes place 
only up to content of saturated mixed 
crystals, while with reaction diffusion, con 
tent of highest chemical 
attained, 


Zingg ; microscopic 


composition may be 
Translated from Stahl und Eisen, 


CASTING 
CENTRIFUGAL 
Machy. 


1928, p 


Machine Shop Patents, 
(Lond.), vol. 81, no. 797, Jan. 19, 
511, 2 figs. Patent for centrifugal 
casting machines; mold tube is carried on 
vertical shaft driven by bevel gearing; 
periphery of mold formed by six segments. 
CENTRIFUGAL, 
Automobile 


1928, p. 59, 


Spun-Sorbitiec Cast Iron. 
Engr., vol. 18, no, 238, Feb. 
3 tigs New process for produc 
ing cylinder barrels by centrifugal 
experimental work to determine 
necessary for successful 
in resistance to subjecting cylinder: 
castings to special cooling treatment whilst 
in mold during rotation, 

COOLING AND TEMPERATURE, EFFECT 
OF, Notes on Rate of Cooling and Casting 
Temperature, Foundry Trade Jl., vol. 387, 
nos. 584 and 589, Oct, 27 and Dec. 1, 1927, 
pp. 71-72 and 157-158, 3 figs. Relation be 
tween temperature fall and clapsed time; in 
ternal behavior of rate of cooling; critical 
points ; increased rate of cooling lowers 
critical points; influence of composition on 
critical points; undercooling or surfusion 
Dec. 1: Rate of cooling in relation to grain 
size: segregation and shrinkage influence of 
casting temperature, 

DESIGN Faults in the Design of 
Castings, W. J. May. Mech. Wld., vol. 82, 
no, 2137, Dec. 16, 1927, pp. 447-448, 7 figs. 
Suggestions for castings with cast-on 
flanges and other projections; castings in 
which ribs are introduced for purpose of 
stiffening and adding extra strength; design 


casting ; 
conditions 


casting; Improvement 
wear; 


Some 


made 
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ing of machines having parts awkward to analyses of 
mold or cast; question of suitability of metal plates, 
for particular purposes, 


evlinder  blox« 
brake drums, cam 
in which nickel and chr 
used; improvements secured 
CASTINGS NICKEL AND CHROMIUM 
STRENGTH PROPERTIES. The Vari fluence of Nickel and Ch: 
ability of Castings, G. Schreiber. Metal Iron, Foundry Trade Jl., 
lurgist (supp. to Engineer), Jah, 27, 1928, Feb. 9, 1928, p. 100. Re 
pp. 10-11, 1 fig. Discusses mechanical prop published work by D. M 
erties of castings: work was carried out in Poister, E. Piwowarsky, \ 
laboratory of electrochemical works of I. G. Roll, and Turner and Hansor 
Farbenindustric at Bitterfeld, and is largely NICKEL AND CHROMIUM 
concerned swith proprietary magnesium alloy fluence of Nickel and Chromiu 
“Elektron,” but data utilized extend to steel 4 B. Everest. Brit. ( 
and cast iron and also to three aluminum Assn.—-Bul., no. 19, Jan. 1 
alloys; author confines his attention to Supplement to Bulletin No. 1 
ultimate tensile strength and percentage giving details of papers on intl 
elongation. Abstract translated from Zeit. and chromium on cast iron 
fuer Metallkunde, Novy. 1927. PROPERTIES. Mechan 
Properties of High Grade G 
CAST IRON and Principles Underlying 
DEFECTS. Piping in Its Relation to (Hochwertiger Grauguss, 
Eutectic Composition (Das Lunkern in physikal. Eigenschaften und 
Beziehung zur eutektischen Zusammenset zu seiner Erzeugung), E. Zim) 
vung), B. Osann. Giesserei, vol. 15, no. 3, fuer die gesamte Giessereipr 
pp. 49-51, 5 figs. Author submits new nos, 1, 2, 3, 4, 5 and 6, Jar 


pp. 2-4 


hypothesis according to which piping should 29 and Feb. 5, 1928, 
not develop in eutectic alloys; it is shown 38-39, 48-49 and 54-56. Forn 


that in pearlitic cast iron, piping tendency bon occurs in cast iron; flak 
is eliminated or greatly diminished. bon and its influence on melting ¢ 


changes in structure after solidif 
DEVELOPMENTS. Recent Developments graphite system; sub-cooling 

in Cast Iron and Foundry Practice. Brit. ae 
Cast Iron Research Assn.—Bul., no. 19, Jan, a PROPERTIES AT LOW TEMPERATUR) 
1928, pp. 14-18. Reviews paper by Moore rhe Properties of Cast Iron Low 1 
and Lyon on fatigue tests on cast iron; paper peratures, with Special Regard to Cast | 
by Schwarz on tests of cast iron, results be- Pipe (Die Eigenschaften von 
ing given in tabular form; tests carried niedrigen ‘Temperaturen unter 
out by British Oxygen Company on strength Berucksichtigung von Gus 
of cast iron at very low temperatures; malle Gussrohrleitungen) , O. Pard 
able cast iron specifications. Vierhaus, Giesserei, vol. 15, n 

1928, pp. 99-102, 5 figs Inve 

GRAPHITIZATION, The Graphite castings at temperatures below 

Eutectoid in Cast Iron (Das Graphiteutekiti showing that, in contrast to st 
kum im Gusseisen), E. Schiiz. Giesserei, properties of cast iron ar 
vol. 15, nos. 4 and 5, Jan, 27 and Feb. 3, affected by ordinary winte: 
1928, pp. 73-78 and 102-108, 27 figs. Re noticeable changes occur onl) 
view of different theories of solidification temperatures—80 deg. Cent 
yrocesses in different groups of iron with la : oe 
higher carbon content; modern views on re STEEL- MIX. rhe Manufact 
moval of graphite from molten iron. In Mix Gray Cast Irons, with Spe 
cludes number of diagrams and photomicro to their Treatment in the Found: 
graphs. Foundry Trade Ji, vol, es 

2, 1928, pp. ¢¢ iv, 2 figs. 


) 


HARDNESS, Does Hardness Govern?  E. 
Bremer. Foundry, vol. 56, no. 8, Feb. 1, 
1928, pp. 106-108. Points out that cor 
relating of Brinell hardness with other hardness 
qualities is complicated; it is believed that 
definite steps should be taken to investigate 
various relationships and establish Brinell 
hardness test as indicator of certain qualities 
on standard basis; need for this is exempli- 
fied in number of replies received in answer 
to letters requesting information on value 
of Brinell test 


By adoption of suitable mixtu 
rect melting technique, it is possib| 
with perfect regularity 80 to 60 
steel-mix gray cast irons, which 
almost entirely pearlitic in structur 
machinable and’ yet possess vastl) 
properties to gray irons made from 
alone or pig irons mixed with 
scrap; classification of semi-stee! 
graphite in semi-steel cast iron 
sign; how to add manganese; rod 
advocated, 


MAOCHINABILITY AND WEAR, Data on WEAR. The Wear of Cast 
Machinability and Wear of Cast Iron, T. H. Cast Iron Research Assn.—Bul., 
Wickenden, Soc, Automotive Engrs,—Jl., 1928, pp. 9-18. Review of r 
vol. 22, no. 2, Feb. 1928, pp. 206-212, 10 mental work, covering automo! 
figs. Hardness or chemical composition of and cylinders: brake blocks 
iron, by itself, no indication of wearing prop valve rings and work hardening 
erty nor of its machinability ; —e, “ar- 
bide spots or phosphides of high phosphorus , , 
cout! in ostinder’ tinea deleterious; nickel, CHAINS 
or nickel and chromium, intelligently added BRITTLENESS. Brittleness — 
to iron to obtain correct miscrostructure for Links as Affected by Proofing and A‘ 
good wearing properties and machinability ; I, R. Mulder, Engineering, \ 
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resent-day 


different 


forms of copper and upon sample of so-called 
hardened copper; are shown in table 


COPPER ALLOYS 


COPPER-SILICON Copper-Silicon Alloys 
of High Copper Content (Zur Kenntnis det 
Kupfer-Siliciumlegierungen mit grossem Kup 
fergehalt), W. Ceiss and J, A, M. van Liempt 
Zeit. fuer anorganische u. allgemeine Chemie, 
vol. 168, no. 1, Nov. 21, 1927, pp. 31-82 
Experimental study of mechancial, electrical 
ind che mical prope rties of copper silicon 
illoys containing not more than 6 per cent 
silicon, particularly resistance to corrosion, 


CORROSTON 


RESEARCH New Methods of 
Research (Neue We re de: Korrosionsfor 
schung), J. Czochralski and E Schmid 
Zeit. fuer Metallkunde, vol. 20, no, 1, Jan 
1928, pp. 1-7, 15 figs Describes application 
of strength investigation for determination of 
velocity of dissolution of corrosion of metals 
in chemical reagents; dissolving speed of 
technical aluminum wire in caustic soda solu 
tion, hydrochloric acid and copper-chlorid 
solution is determined for room temperature ; 
dissolving speed of hard wire was in all cases 
greater than of annealed wire 


SEA WATER, IN Corrosion of Metals in 
Sea Water and Its Prevention (Korrosion und 
Schutz der Metalle im Seewasser), H. Bauer 
meister, Schiffbau, vol. 28, no. 21, Nov 
2, 1927, pp. 469-471. Resistance to corro 
sion of standard metals and most common 
alloys as determined at German Govern 
ment testing laboratories. 

TESTS, Corrosion Tests Metallurgist 
(supp. to Engineer), Jan. 27, 1928, pp. 2-8 
Review of address by Bengough to Inst. of 
Metals dealing with complexity of 
phenomena and great number of factors 
which go to determine rate of corrosion in 
any given set of conditions: it was pointed 
out in discussion on lecture, both by Rosen 
hain and Vernon, that difficulty of testing 
corrodibility really arises only where finer 
distinctions have to be measured; it seems 
that testing of specific properties which af 
fect durability and corrosion resistance, may 
yet be pursued with immediate advantage. 


( orrosion 


corrosion 


CRYSTALS 

ANNEALING, EFFECT OF. Effect of An 
nealing on Cold-worked Single Crystals of 
Silicon-ferrite, H. O'Neill, Am Inst. Min 
and Met. Engrs.—Tech. Pub., no. 48, Feb 
1928, 19 pp., 13 figs. Subcutaneous deforma 
tion markings are revealed == on etching 
polished sections of slowly cold-worked 
single crystals of silicon-ferrite; annealing 
these cold-rolled single crystals at 250 deg. 
Cent, either shortly after rolling or after rest 
of 20 months gave no measurable rise of 
scratch hardness; effect of long time interval 
between deformation and heat treatment is 
to retard both softening and recrystallization 


CUTTING TOOLS 

WELDING TIPS. Cutting Tools with 
Welded Tips of High Speed Steel (Schneid 
staehle mit aufgeschweissten Plaettchen aus 
Schneidmetall), C. W. Drescher. Maschinen 
bau, vol, 7, no. 2, Jan. 19, 1928, pp. 49-55, 
30 figs. Traces development of practice of 
welded tips in Germany; shaping of welded 
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tip, methods of welding it on and results 
of performance tests ; development of tung 
sten-carbide and cobalt-chromium-tungsten 
alloys: standardization and uses of cutting 
practical experience with special cut 
ting steels. 

WELDED TIPS Economic Production 
and Maintenance of Welded-on Cutting Tips 
(Untersuchung ucber die wirtschaftliche 
Herstellung und Instandhaltung aufgeschweiss 
ter Schneidmetalle), Kreide Maschinenbau, 
vol 7, no. 2, Jan 19, 1928, pp. oo 06, 2 
figs Economy of welded-on steel tips, cost 
of production; curves giving diameters of 
cutting tools of homogeneous materials equal 
in cost to cutting tools with welded tips 


steels: 


DIES 


BRASS-FORGING. Characteristics of Brass 
Forging Dies, F. W. Curtis Am. Mach., vol 
68, no. 8, Feb. 238, 1928, pp. 319-322, 10 
figs Construction of brass-forging dies and 
several representative examples of their use ; 
greater accuracy, additional strength and bet 
ter machining qualities than casting; made 
similar to steel forging but with many pre 
cautions; practice at Mueller Brass Co. ; 
dies of power press type; dies of drop ham 
mer tyyp 


STEEL FOR Some Suggestions for the 
Choice of Die-Steel, W. Oecertel. Am. Soc. 
Steel Treating—Trans., vol. 13, no. 2, Feb. 
1928, pp. 320-321. Required properties of 
die steel are high tensile strength and hard 
ness up to temperatures from 752 to 932 deg. 
Fahr., high resistance against softening by 
tempering, great wear resistance and great 
toughness, etc when working, if high heat 
ing of die can not be avoided steel contain 
ing 9 to 11 per cent tungsten or 0.30 per 
cent carbon and 15 per cent chromium would 
be preferre : this stainless steel possesses 
high tensile strength up to tempering 
perature of 1022 deg. Fahr.; in addition to 
high elongation and reduction of area; it 
does not scale up to temperatures of 1472 
deg. Fahr. Translated from Maschinenbau, 
Oct. 7, 1926, p. 878-880. See reference to 
original article in Eng. Index, 1926, p. 708. 


tem 


DROP FORGING 


ELECTRIC HAMMERS 
Hammer Plant. Engineer, vol 145, no. 
$759, Jan. 27, 1928, pp. 110-111, 5. figs. 
Drop-forging shop at Chippenham, Wiltshire, 
works of Westinghouse Brake and Saxby 
Signal Co. contains three lines of drop ham 
mers: whole plant has been converted to 
electric driving, and each hammer has been 
fitted with Brett’s latest design of friction 
driven lifter. 

EQUIPMENT. Drop Forging Industry and 
Equipment, M. S. Reed. Heat Treating and 
Forging, vol. 14, no, 1, Jan. 1928, pp. 32 
; Present status of industry and 


A Converted Drop 


83 and 40. 
improvements in methods and equipment to 
meet changed conditions: four-roll board 
drop hammer; speed and accuracy of hammer 
operation ; withdrawal of obsolete equipment ; 
new uses found for drop forgings. 


ELECTRIC FURNACES 

CONTROL. Automatic Control of Elec 
tric Furnaces, L. G. Bean. Elec. Light and 
Power, vol. 6, no, 2, Feb. 1928, pp. 64-70 
and 91, 10 figs Tells what automatic con- 
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Mecaniques, vol. 10, no. ll, 
467-468, 2 figs. Description 
nditions to fulfill for steel 
special attention to ‘*Homo’”’ 

ic furnace, developed in 


P-EQUENCY., 
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Steel Making in 
ency Induction Furnace, F. 
G Hindrichs. Metallurgist 
ineer), Jan. 27, 1928, pp. 
gical conditions which prevails 
these types of induction fur 
steel melting; authors deal 
f factors which determine 
s type of furnace for steel 
s, confining their considera 
mainly to comparison of in 
products with those of 
Abstract translated 
das Eisenhuttenwesen, no. 
O40 


yrocess 


NCY. Power Factor in In 
High Frequency 
dans les fours 
iaute fréquence A etincelles), 
de Physique et le Radium, 
Dec. 1927, pp. 508-521, 10 
yperation of spark furnace 

if charge and 
calculation of 
tics of system. 


urnaces of 
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discharge 
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Eleetric Smelting Ad 
Clamer Metal Indus 
46, no. 2, Feb. 1928, pp 
Recent developments in in 
nd progress it has brought 
lting of metals; Ajax-Wyatt 
revolutionized brass melting 
ught brass industry; is now 
lopted in foundry industry. 
f serial.) 


Presents Cost Data on Elec- 

Melting, J. B. Meier. Foundry, 

Feb. 1, 1928, pp. 93-98, 

thor presents unbiased and ac 

us record of actual conditions 

d in foundry with which he 

dealing solely in rough cast 

graphic representation of elec 

peration over period of 8 
of cost per ton, 


Electric Melting, H. S. Prim 

rade Jl., vol. 38, no. 598, 
pp. 81-84, Deals with three 
ices Which have proved to be 
| in operation; these are 
ices. for ordinary and _ alloy 
Wyatt furnaces for melting 
rthrup furnaces for melting spe- 
high-copper alloys, nickel-cop 
metals and high melting 


New Miguet Electric Furnace 
is Electrodes (Le nouveau four 
suet A electrode continue), R. 
Four Electrique, (supp.), vol. 

1928, pp. 5-8, 5 figs. De 
ectric furnace at Montricher 
ise current; incoming current 
ransformed by 5 transformers ; 


complete in 


described and 


ctrochemical Reduction Fur 
ematic Heterogeneous Feed 
ectrochimique avec aliment 


t 


ation méthodiquement hétérogéne des fo6urs), 
P. Miguet. Jl. du Four Electrique (supp.), 
vol. 37, no. 1, Jan. 1928, pp. 3-5, 2 figs 

Description of electric which 


furnace 
produces steel direct from ore and can also 
obtain as many 


complex refined 
metals; new method of feeding is patented 
in France under No. 606,428, which gives all 
important information 


allovs as 


MIGUET. The Electric Furnace of 100,000 
Amperes of the Electrometallurgical Co. of 
Montricher (Le four electrique de 100,000 
amperes de la Societe Electrometallurgique 
de Montricher), P. Bergeon. Jl. du Four 
Electrique (Supp.), vol. 37, no. 1, Jan., 1928, 
pp. 1-3, 2 figs. 

Description of electric furnace’ using 
single-phase current obtained from three 
phase by Scott transformers and use of two 
electrodes: furnace is 2.3 m 


diameter and 
1.2 m. high. 


OPERATLON 
of Electric 
matically (Le 


des fours 


Operation and 
Furnaces Studied 
fonctionnement et le 
électriques 
gramme), P. Bergeon. 
vol. 24, no. 11, Nov. 
figs. Diagrams and 
illustrating dependence of 
electrical conditions and method of operat 
ing electric furnace operated from trans 
former; results obtained suggest new method 
of regulating are furnace by 
ulation of electrodes 
advantageous when 
adjustable and 
inductance. 


Regulation 
Diagram 
réglage 
étudiés par le dia 
Revue de Métallurgie, 
1928, pp OSS 64, 6 
formulas are given 
power factor on 


suitable manip 
which is especially 
voltage of primary is 
furnace has relatively high 


POSSIBILITIES. The Potentialities of the 
Electric Furnace Examined. Foundry Trade 
Jl., vol. 38, no. 599, Feb. 9, 1928, p. 101. 
Discussion of paper by H. 8. Primrose; takes 
up question of relative costs; electric ore 
smelting furnaces; mechanically 
electric furnaces; comparative 
than pit-fired crucibles. 


charging 
costs other 


PROBLEMS. Electric Furnaces. 
Univ. Eng. Extension Dept.—Bul., vol. 11, 
no. 1, June, 1927, pp. 52-84. Contains fol 
lowing abstracts: Melting of Brass in Elec 
tric Furnaces, E. L. Crosby; Accomplish 
ments and Comments by Users, Irving; 
metallic resistance furnace, L. H. Knapp; 
Electric Melting of Iron and Steel, G. L 
Simpson, Industrial Electric Heating Sta 
tistics, W. S. Scott: Labor Saving Devices 
Possible with Electrically Heated Furnaces, 
A. H. Vaughan; Application of Electrical 
Heat and Its Relation to Production Costs, 
R. P. Ellis; Continuous 
Carburization, H. EF, 


TUBES. **Resist’’ Tubes for Electric Fur 
naces (Tuyaux “Résisto’’ pour fours electri 
ques). Jl. du Four Electriqu 
1, Jan, 1928, p. 14, 1 fig. 
water tubes used to carry 
to electrode holders in 
tubes are spirally 
copper alloy. 


Purdue 


Electric 
Martin, 


Furnace 


, vol. 37, no 
Describes flexibl 
circulating water 

electric furnaces: 

constructed and made of 


TYPES. Experiences 
naces, H. B. Knowlton 
Extension Dept.—Bul., vol. 11, no. 1, June, 
1927, pp. 31-34. Paper cevers number of 
years’ experience with several types of fur 
naces, including furnaces, which are used 
in heat treatment of steel; furnaces criticized 


with 


Electric Fur 
Purdue Univ. Eng 
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are obsolete types, requirements of 
furnace; cost of purchase and 
carburizing furnaces. Abstract. 


TYPES Stellite and the Development of 
the Electric Furnace, J. R. Brown, Purdue 
Univ. Eng. Extension Dept Bul., vol. 11, 
no l, wune, 1927, pp. 21-23. Describes 
four kinds of electric furnaces; indirect-arc, 
direct-are with non-conducting hearth, direct 
ire with conducting hearth, and induction 
furnace; in manufacture of stellite, single 
phase Snyder furnace having direct are with 
conducting hearth is used. 


ideal 
installation ; 


ELECTRIC 
INDUSTRIAL 

of Industrial 

Purdue Univ. 


HEATING 
APPLICATIONS, 
Electric Heat, J. E. Nelson. 
Eng. Extension Dept Bul., 
vol. 11, no. 1, June, 1927, pp. 7-13. Enumer 
ation of various branches of Industry mak 
ing use of electric heat to their advantage 
and applications to specific cases; 
single demand for heat in 
processes, other than in 
lies in fleld of heat 
inherent 


Résumé 


largest 
production 
melting of metals, 
treatment of metals; 
characteristics of electricity make 
it applicable where uniform heat distribution 
is needed: it can be controlled to degree 
impossible with other sources of heat, there 
by assuring duplication of results at any 
time, or continuously; electric melting of 
metals. 


FILES 


DISKS, METALS FOR. The Manufacture 
of Circular Files and Rasps (Die Herstellung 
von Feil- und Raspenscheiben), H. Reininger. 
Maschinenbau, vol. 7, no. 3, Feb. 21, 1928, 
pp. 112-116, 14 figs. Uses of rasp and file 
disks, rotating with speed of 200 to 1500 
r.p.m., in working of copper and light metal 
allovs:; materials of construction, their treat 
ment, cementation and nitride case-harden 
ing, annealing, shaping of filing surface and 
final hardening; macroscopic and microscopic 
studies of structure. 


FORGE SHOPS 

METHODS AND EQUIPMENT. The Black 
smith Shop. Elec. Traction, vol. 24, no, 2, 
Feb. 1928, pp. 78-79, 8 figs. New Coney 
Island shops of Brooklyn-Manhattan Transit 
Corporation equipped with latest metal work 
ing apparatus; heating and annealing fur 
naces: welding equipment. 


METHODS AND EQUIPMENT. Moderniz- 
ing Forging Practice, F. W. Manker. Iron 
Age, vol. 121, no. 6, Feb. 9, 1928, pp. 401 
404, 5 figs. Methods and equipment of forging 
shop at plant of Willys-Overland, Toledo, 
Ohio; shop is so designed that work pro 
gresses from one operation to another with 
least amount of “‘float’’ trucking and hand 
ling; all hammers are served with individual 
forging furnaces and both are so arranged as 
to allow greatest volume of output with 
minimum of labor, fuel, power, etc.; separa- 
tion of heavy from light work. 


FORGING 


METHODS. Forging Methods and Heat- 
ing to Forge, W. M. Hepburn. Heat Treat- 
ing and Forging, vol. 14, no. 1, Jan. 1928, 
pp. 41-43, 6 figs. Classification of forging 
methods; relation of proper heating to good 
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ting. Abstract of | 
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of Output. Iron Age, 
2, 1928, p. 328-329, 
and machine shop of H 
larger sizes of individu 
from wider range of n 
tained; 11. oil-fired furnacé 
chines, Pridmore stripy: 
erated sand riddles and 
molds made in steel flas! 
ovens, gate and 
and = sand-blast equipment 
monorail systems; fuel 
pumping station for handlir 
PRACTICE, 
tice, Foundry Trade J! 
Feb. 9, 1928, pp. 99.100 
ing foundry costs, steel 
place in industry, and c 


REFRACTORIES. = Th 
of Refractories for Tron 
wood. Foundry Trade 
Jan. 19, 1928, pp. 438 
47, 3 figs. Desirable p1 
fractory material may le 
withstand are: intense heat, « 
of fluxes, physical and mecha 
changes of temperature, 
ing atmospheres and rough 
use; presents curve show 
refractory material under in 
ture conditions. 

TECHNICAL TERMS 
Technical Terms, 0. W 
vol. 56, nos. 1, 2 and 4, 
Feb. 15, 1928, supp. plate 
sheets. (Continuation of 


riser << 


A Session 


FURNACES, ANNEALING 
CONTINUOUS. Conti 
Furnaces, F. W. Manker H 
Forging, vol. 14, no, 1, Ja 
50 and 54, 4 figs. Prog! 
equipment for annealing 

patenting wire; Victor 
for small parts; elements infl 
efforts to eliminate pits 
water-cooled shafts: probl 
solved. Abstract of paper 
Engrs. Soc. of West. Penn 


FURNACES, FORGING 
COMBUSTION CHAMBEKS 
Combustion Chamber for ! 















1928, p. 23. Improved 

er for shop forges designed 

| foreman smith of South. 
El Paso, Tex.; furnaces after 
for few minutes, burn every 


nd 
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VERIZED COAL FIRING. Residue 
a ed-Coal-Fired Heating Fur 
Reitrag ir Frage der Hoehe des Ab 

Kohlenstaub gefeuerten 


K. Rummel. Archiv fuer das 

vesen, vol l, no. va Jan. 1928, 

9 j 10 figs Results of tests on 
with pulverized bituminous 
ed lignite, mixes gases, lignite 

nd coke; losses in all cases 

*. { be due to large extent to 


ts with regard to gas cur 
greatly dependent on extent 
ngots are swept by exhaust gases. 


FURNACES, HEAT TREATING 
reoTRIG VS. FUEL-FIRED. Electric 
Furnaces, J. W. Urguhart. Machy. 
vol. 31, no. 799, Feb. 2, 1928, pp 
4. Comparsion of cutting; destroying 
npingement of high pressure in 
sent gas that involves employment of 
ngest refractories; localization of heat; 
ng brick or firebrick of electric fur 
sts indefinitely; two atmospheres 
ualization of temperature; dis 
ve flue loss; electric heat and treatment 


FURNACES, METALLURGICAL 
AIR HEATERS Metal Air Heater for 


Furnaces, W. Derssen. Iron and 
‘ Engr., vol » no, 2 Feb. 1928, pp. 
‘1-88, 12 figs Methods in use for heating 


etallurgical furnaces; constructed 
thstand extreme temperature peaks 
cur; fundamental points in con- 
ind operation of metal air heaters ; 
recuperat Duraloy recuperator ; 
iperators; Blaw-Knox regenerative 


HARDNESS 


ESTING Methods of Hurdness Testing. 
Mach., vol. 68, no, 5, Feb. 2, 1928, p. 
/ igs. Comparison of Brinell and Rock 
readings with table and charts; for 
shop and laboratory reference: Rock- 


B reading taken using 1/16-in. diameter 
ind 500-kg. major load; ©. read 
gs taken with conical diamond penetrator 
g. major load 
"ESTING 


Equipment for Making Physical 
J D. Gat. Heat Treating and Forging, 
l4, 1 1, Jan. 1928, pp. 88-40. Re 
{ hardness testing methods; discussion 
graphy-preparation of specimens and 
pe equipment; Mechanical testing 
starts with hardness-testing ap 
8, Rockwell type or Brinell type to 
tterwards can be added small vertical 


hine and impact tester, (Con 
from Dec, 1927.) 
STING \ Résumé of the Magnetic 


Employed in Studying the Me- 
' ies of Matter, 8. R. Williams. 
s ents, vol. 1, no. 1, Jan. 1928, pp. 
‘, 9 fig Recent laboratory device for 
g hardnes { steel balls by magnetic 
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means seems to have some possibilities; ex 
periments described have been selected with 
idea that apparatus employed in each re 
search is capable of further development by 
instrument makers into more practical de 
vices, 










































HEAT TREATMENT 






































PROCESSES, High Temperature ro 
cesses, J. O. Woodson Purdue Univ Eng 
Extension Dept.—Bul., vol. 11, no. 1, June, 
1927, pp. 23-31. Brief summary of standard 




















heat treating processes that lie within tem 
perature range of 1000 to 2000 deg. Fahr 
and word regarding perfected apparatus avail 
able: annealing; heat treatment of metals; 
carburizing; normalizing; cese hardening: 
malleableizing; vitreous enameling of steel; 
vitreous enameling of cast iron; 
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IRON 

ARMCO INGOT Armco Ingot Iron, R 
L. Kenyon. Am. Soc Steel Treating 
Trans., vol. 18, no, 2, Feb., 1928, pp. 240 
269, 26 figs. Armco ingot is trade name for 








commercially pure iron produced in basic 
open-hearth furnace; in addition to references 
to published results of various investigators, 
author presents numerous data from un 
published work of research department of 
Am. Rolling Mill Co.; describes material, 
its chemical analysis, microstructure after 
various treatments and effect of mechanical 
work and heat treatment on its various 
physical properties; data is given for iron in 
form of hot-rolled and cold-rolled bars and 
shapes, plates, sheets, and wire; tests in 
clude tension, compression, shearing, impact, 
hardness and fatigue tests of various kinds, 
includes photomicrographs, curves and tables. 
(To be continued, ) 




















































































































PHOSPHIDE EUTECTIC. A_ Note on 
Phosphide Eutectic, A. Allison. Metallurgisi 
(supp. to Engineer), Jan. 27, 1928, pp. 
3-4, 4 figs. In connection with chilled iron 
rolls, certain phenomena have been observed 
in three cases, which are of interest in re 
gard to solidification of phosphide eutectic ; 
includes photomicrographs 






























































PRODUCTION FROM FERROUS SANDS. 
Making Sponge Iron from Ferrous Sand in 
Japan. Foundry Trade Jl., vol. 38, no. 597, 
Jan, 26, 1928, p. 64. Attempt is being made 
in Japan to utilize large deposits of ferrous 
beach sand on eastern coast of Japan; pro 
cess, Which has recently been put into op 
eration at Kuji Iron Works, consists in 
reduction of common oxides of iron 
hematite, limonite, magnetite and _ residues 
from roasting of iron pyrites—at tempera 
ture low enough to prevent melting of any 
of iron or other constituents of iron ore: 
this temperature lies between 500 and 1000 
deg. Cent.; no flux is used. 


































































































































































IRON ALLOYS 


IRON-NICKEL. On the Determination of 
the Heterogeneous Field in the Iron-Nickel 
System, K. Honda and 8S. Miura. Am. Soe. 
Steel Treating—Trans., vol. 13, no. 2, Feb., 
1928, pp. 270-279 and (discussion) 279 
281, 6 figs. By means of dilatometrie analysis, 
heterogeneous field in iron-nickel alloys was 
determined; addition of nickel to iron was 
calculated and found to agree with observed 
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data; variation of coefficient of 
with concentration in iron-nickel 
discussed in light of structural 
includes curves and 


expansion 
system 18 
change of 


system, diagrams, 


IRON AND STEEL 


BIBLIOGRAPHY. Review of Iron and 
Steel Literature for 1927, E. H. MeClelland. 
Heat Treating and Forging, vol. 14, no. 1, 
Jan. 1928, pp. 55-59. Classified list of more 
important trade publica 
tions with few of earlier 
announced, 


serials and 
year, 


books, 
during the 
date not previously 


CANADA, Iron and 
1927 Iron and Steel of Can., vol. is. 
m 2, Feb 1928, pp. 52-53. Review of 
Dominion Bureau of Statistics; pig iron pro 
duction with increased output of 
steel; increase of importation of pig iron; 
6 blast furnaces, operating at year end; 
ferroalloys; production; steel ingots and 
castings ; United States and World 
output 

GAS CONTENT International 
tion in Determining Gases in Metals. Found 
ry Trade Jl., vol. 38, no. 599, Feb. 9, 
1928, p. 82 U. S. Bureau of Standards dis 
tributed sample of ingot iron for gas analyses 
to University of Sheffield and to _ Institut 
fuer Eisenhuettenkunde, Aachen, Germany ; 
results obtained by co-operating laboratories 
are given. 

PRICES 
Products, S. G. 


Steel in Canada in 


lessened 


prices ; 


Co opera 


Prices of Steel and Other 

Koon, Iron Age, vol. 121, 
no, 5, Feb, 2, 1928, pp. 330-332, 3 figs. 
Comparison of prices with those of 1913; 
Bureau of Labor Statistics discussed; metals 
lower than most other commodities; changes 
in past year; probable course of 
prices; fairly steady prices of pig 
iron and finished moderate drop in 
prices of commodities in general; steel prices 
well liquidated; influences 
prices 


future 
drop in 
steel : 


affecting future 


IRON CASTINGS 


HARVESTING MACHINERY. Use of Gray 
and Black-Heart Castings in Construction of 
Harvesting Machinery (Ueber Grauguss und 
Schwarzguss fuer Erntemaschinen), H. Jung 
bluth. Kruppsehe Monatshefte, vol. 8, Dec. 
1927, pp. 193-208, 20 figs. Chemical com 
position, microstructure and microstructure of 
gray and malleable cast iron; parts taking 
considerable tensile stress should be cast of 
black-heart iron, 

SHRINKAGE HOLES. Shrinkag 
Small Gray Iron Castings, P. A. 
Foundry Trade Jl., vol. 38, no 
1928, pp. 55-59, 19 figs Points out that 
there is no general agreement as to root 
cause of shrinkage or drawing, as author pre 
fers to call it; definition of phosphorus; con 
ditions during solidification ; 
position; drawing of 
practical examples ; 
expansion due to 
practically all 
shell of 


shrinks. 


Holes in 
Russell, 


597, Jan. 26, 


effect of com 
semi-steel cast iron; 
cause of drawing is that 
formation of graphite is 
absorbed in expanding outer 
casting, and remaining liquid 


MANGANESE STEEL 


FERRITE REMOVAL. Influence of Man 
ganese and Cooling Velocity on Ferrite Re 
moval from Manganese Steel (Der Einfluss des 


TRANSACTIONS OF THE A. 8. 8. 


Mangans und der Ab) 
auf die Ferritausscheidy 
and R, Zoja Archiv f 
wesen, vol. 1, no i, Jar 
11 figs. Determination 
ganese content and 
relation of free ferrits 
of Brinell hardness test 
of eutectoid point in r 
content : includes d 
photomicrographs 


MATERIALS 
TESTING Testing 
Atkin. Gas World, yol 
1, 1928, pp. 103-104 
strength of materials 
pipe system, gives that 
fidence which is necessit 
gineer; specifications ; 
tests; bending and forgi: 
before Midland Junio (; 
METAL DRAWING 
THIN PLATE Pr 
Thin Plates for Draw 
fung und Eigenschaften 
Ziehzwecke), W. Aumann M 
7, mo. 8, Fed. 2, 1928 
figs. Apparatus and meth 
plates used in drawing of 
parts Erichsen apparatu 
for determining textur 
and hardness tests; dis 
criticizes A, E. G. sta 


METALLURGY 
DEVELOPMENTS, Di 
lurgy During 1927, J 
Treating and Forging, \ 
1928, pp. 44-46 Amor 
are: ferrous metallurgy 
silicon alloys, welding, apy 
chromium plating and nonf« 
DEVELOPMENTS hue 
the Metallurgical Field, 8. ¢ 
Treating and Forging, { 
1928, pp. 60-62. Imp 
made during year in ma 
steel, sponge iron, us¢ f 
preventatives, metallograp! 
blast furnace process, 
PATENTS. New Patent 
(Lond.), vol. 82, no. 6, | 
166. Abstracts of new patent 
zirconium ores; raising 
alloys by mechanical treat 
alloys of nickel, copper, and 
alloys and hardening, et 


METALS 

AIRCRAFT Aviatior 
Materials Exposition of Ber 
stoff der Flugtechnik auf der W 
1927), J. Hausen, Zeit 
u. Motorluftschiffahrt, \ ) 
14, 1928, pp. 9-12, 3 figs. D 
of materials and. structur 
construction of aircraft and 
ery: exhibits illustrating « 
testing of mechanical properti 
als and alloys. 

CABLES AND CHAINS, FOR 
Chains at the Materials Sh 
(Seil und Kette auf der Ws 
F. Riedig. Foerdertechnil 





ENGINEERING 


cables and 
spec ifications, 


discussion properties of 


ist steel, copper and aluminum 
manufacture 
apparatus and methods 


hy Impurities 
of Metals, Colin J. Smithells, 


composition 
impurities 


corrosion , 
combination 


impurities 


continued 


corrosion-re 


aluminum 


MRAPHY. Twinning in Bery! 


Cadmium, 
Beryllium, 

cadmium, 

excepting 


diffraction 


adherence hexagonal 


crease in axial ratio from beryl 





Motorluftschiffahrt, 
3 figs. Criticizes 


overlooked 


ICATED, STANDARDS, Standards 


Government proposed mas 
for copper-nickel alloys rods, 


ites, sheets, and strips; 


Endurance 
utomotive Engrs.—Jl., vol. 22, 
pictures metal yielding first 
localized weakness; study of 


spreading 
straining ; 
endurance effectiveness 
decreases markedly with in 


shoulders 
locating cracks. 
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Manual, by H | Moore, issued by Eng 
Foundation, 

GASES IN Application of a High-vacuum 
Induction Furnace to the Study of Gases in 
Metals, P. H. Brace and N, A, Ziegler Am 
Inst. Min. and Met. Engrs rech, Publ., no 
9, Feb, 1928, 21 pp., 7 figs igh fre 
quency vacuum furnace has been constructed 
capable of melting 18 Ib. (6 kg.) of iron 


and maintaining it at temperature above 
1600) deg. Cent under pressure = les than 
0.0005 mm, of mercury; analysis system has 


been constructed for analyzing quantitativels 
gases from furnace with respect to hydrogen, 
nitrogen, oxygen, carbon monoxide, carbon 
dioxide and water; experimental data showing 
results obtained from analysis of gases from 
iron are presented and certain consistencies 
are pointed out 


INTERATOMIC FORCES Interatomic 
Forces in Metals and Allovs, R. GG, Mehl 
Am. Inst. Min, and Met. Eng Tech, Publ., 
no Wi, Keb 1928, 1G pp., ” figs It is 


shown that data on compressibility and in 
ternal pressure furnish basis for analysis of 
hardness of pure metals; it is suggested that 
electron distribution around atom periphery 
probably introduces slip-resistance factor in 
addition to that of crystalline symmetry and 
interatomic forces 


INTERNAL STRESSES Internal Stresses. 
Metallurgist (supp. to Engineer), Jan, 27, 
1928, pp. 7-8 Review of recent works by 


Kk. Maurer, G. Sachs and Goeler, published 
in German periodicals; most frequent type of 
failure is season cracking of drawn rods 
and tubes made of brass or other alloys of 
copper, either soon after manufacture’ or 
only after some years of service; steel and 
aluminum members are prone to similar fail 
ures, although to much less marked extent; 
for removal of internal stresses, low-tempera 
ture annealing is found to be most effective 
method: risk of season cracking can be also 
materially reduced in case of rods, tubs 
and similar articles by certain mechanical 
treatment. 






PICKLING. Practical Features of Pickling, 
W. G. Imhoff. Iron Trade Rev., vol. 82, 
no, 6, Feb. 2, 1928, pp. 3818-820, 2 figs 
Equipment, production, principles and dif 
ficulties and remedies are discussed, (Con 
tinuation of serial.) 


RESEARCH, The American Society for 
Testing Materials—Work During 1927. [ron 
and Steel of Can., vol. 11, no. 2, Feb. 1928, 
pp. 59-61, Brief review of research work 


of Society; research to bring out new knowl 
edge on properties of metals; effect of tem 
perature on properties of metals; effects of 
combined corrosion and fatigue; magnetic 
analysis and testing; project on numbering of 
steels discontinued 


ROLLING AND FORGING, Deformation 
in the Rolling and Forgine Processes, G 
Sachs. Iron and Steel World, vol. 2, no. 1 
Jan, 1928, pp. 35-40, 8 figs. Tests approach 
ing practical conditions show that tearing 
appearances in rolling of plates and shapes 
are caused by non-uniform material displace 


ments Translated from Zeit. fuer Metall 
kunde, 

STRAIN HARDENING The Cause of 
Translation Striae and Translation Strain 
hardening in Crystals, M. J. Buerger Am 


Inst. Min. and Met. Eners Tech Publ., no, 
54, Feb. 1928, 14 pp. 8 figs 
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Most puzzling 
single crystal 
ance of slip 


features observed during 
deformation test are appear 
striae on surface of crystal 
and strengthening of specimen; while first 
phenomenon is mainly of theoretical interest, 
latter is fundamental to all strain harden 
ing and cold working processes in which 
deformation occurs by translation, 

WORKING LOAD TESTS. A Short Time 
Test for Safe Working Loads. Metallurgist 
(supp. to Engineer), Jan, 27, 1928, pp. 8-10, 
3 figs. Question arises whether short-time 
tests can possibly measure any property con- 
nected with creep, or throw light on stability 
of metals at high temperatures; some Ameri 
can metallurgists definitely hold view that 
plastic deformation does not occur below pro 
portional limit stress as determined in short 
time test; to investigate what relation, if 
any, subsists between these two values re 
search has been carried by A. E. White, (Am, 
Sor Mech. Eng., Dee. 5-8, 1927); tensile 
tests were made at various temperatures on 
both solid and tubular specimens; to deter 
mine ereep stress or safe working load, ex 
pansion test was used, 


MICROSCOPES 

METALLURGICAL. The Use of the Micro 
cope in Industry, R. G. Guthrie. Instruments, 
vol. 1, no. 1, Jan. 1928, pp. 5-27, 49 figs. 
Microscope discussed, and most important one 
from purely industrial point of view, is metal 
lurgical microscope or micrometallograph ; 
this type is used almost exclusively for ex 
amination of opaque or solid objects; micro 
scope is particularly valuable where heat 
treated steels are considered; typical micro 
scopic analyses of steels are used in paper. 


NICKEL ALLOYS 
COPPER-NICKEL. Cupro-Nickel Tubes. 
Metal Industry (Lond.), vol. 32, no, 5, Feb. 
3, 1928, pp. 131-133, 5 figs. Cupro-nickel 
is alloy highly resistant to corrosion and 
consequently growing in favor where corrosive 
influences are likely to be encountered; de 
scribes visit recently paid to Kingston Works 
of Allen Everitt and Sons, Smethwick, spe 
cializing 4n manufacure of cupro-nickel con- 
denser tubes; principal departments of worke 
are melting shops, billet, bar, sheet and 
strip mills, and tube mills; products are 
cupro-nickel, copper, brass and bronze. 


NICKEL STEEL 


INVAR AND ELINVAR.,. Steels with High 
Nickel Content, Guillaume, Foundry Trade 
Ji., vol. 38, no. 596, Jan, 19, 1928, p. 40. 
Review of lecture given at Conservatoire des 
Arts et Métiers in Paris; most important 
of alloys studied was invar; in same series 
there is another alloy, platinite, which can 
be welded to glass and does away with use 
of costly platinum in incandescent lamps; 
elinvar, produced by author, is alloy with 
invariable elasticity, use for making spiral 
springs. 


NONFERROUS ALLOYS 


ENGLAND. Birmingham and its Non- 
ferrous Metal Industries, F. Johnson, Metal 
Industry (Lond.), vol. 32, no. 8, Jan, 20, 
1928, pp. 93-94. Enumerates application of 
these metals in Birmingham district to rail- 
roads, automobile industry, aircraft, me 
chanical and electrical engineering, shipbuild- 
ing, arms and ammunition, bedsteads, etc, 


METALLURGY Nont 
the United States in 19 
Metal Industry (Lond.). 
3, 1928, pp. 129-130 i 
developments; copper, alu 
magnesium, chromium and 

RESEARCH, Research 
Metals Industry, 0. | iI 
dustry (Lond,), vol 
1928, pp. 81-83 Reviev 
during past year; investi, 
and prevention of corros 
siderable headway, and 
have been published as to eff 
on copper; research work 
made considerable advance, a 
tions, considerable advances 
to our knowledge of metal! 
metals, 


SEGREGATION, Segreg 
Alloys, R. Law. Chem. k: 
vol, 20, no 232, 


it 


Jan. 1928 
figs. Greater part of effect 
of portion in bulk during 
initial and final stages of 
mary reason for such mig 
sought in contraction of 
by metal in its passage f: 
state. 

WASTE RECOVERY 
Utilization of Nonferrou 
Foundry Wastes, J. B. ¢ 
Industry (Lond.), vol. 32, 
1928, pp. 87-88. Deals w 
profitable disposal of scrap 
metals and alloys includi: 
brass foundry alloys; casti: 
scrap from old automobil 
classifying brass scrap (‘I 


\ 


OXIDES 


METALLIC, Oxides, Hyd 
and Salts, Metallic (other tha 
facture and Cyanogen Comp 
ments of Specifications, clas 
1921-25, 1927, 146 pp 
patents for specifications, 
as guides to specification 


REFRACTORIES 

DEVELOPMENTS. The H 
Refractories Industry, J. D. Ra 
Treating and Forging, vol. 14 
1928, pp. 62-64. Manufactu 
pendent on refractories; growtl 
traced; co-operation between 
consumer, Paper presented 
session of Am, Inst. of Chem 
Refractories Inst, 

TESTS. Determination of Resistance 
Refractories to Temperature Changes (Beit 
zur Bestimmung der Temperaturwechs 
findlichkeit feuerfester Baustoffe), W. M 
J. Kratzert and H, Immk lonit 
Zeitung, vol. 52, nos, 4 and 5, Jar 
14, 1928, pp. 56-60 and 77-78, 18 
port from Didier laboratory and 
stitute: critical discussion of American 
quenching spalling test, pointing 
leading character and disagreement wit 
tical experience; German modificat 
American spalling test; 
with quenching done by comp sed 
water spray; modification of test 
fractories of high silicon content 


new Gern 


SILICON STEEL 


MANUFACTURE, Problen 











. 





Delaware Bridge, H. T 

| News-Rec., vol. 100, no, 6, 
31 Manufacture of steel 

» three different open hearth 

its varied from 75 to 95 tons, 
ema: unless purchaser of silicon 
espondingly diminish weight 
structure, he will not 














rain 





SPRINGS , 
WECHANIS AL, RIBLIOGRAPHY Bibli 

} » Mechanical Springs. a. & me 4 
Publ.. 1927, 6S pp. Indexed ac 
withors and chr ynologically ; in 

et index to bibliography ; for pur 

| hibliographs mechanical springs 
recording to their geometrical 
mechanical spring is elastic 

hos id-deflection rate and maximum 
render it suitable for use In 






















STEEL 
\MMONIA SYNTHESIS. 
ay the Synthesis of 
w. W. de Sveshnikoff, and J. G 
nson, U. S. But Standards 
a1. NOV h, 





Deterioration of 
Ammonia, J. 5 









Technologic 
1927, pp. 199-2383, 
10 commercial steels, subjected to 
nditions of 500 deg. Cent., 100 

» pressure, and 8.3 per cent am 

led results which indicated that: 

niont should be low; tnecreasing 

vas helpful; tungsten was ust ful; 

t made upon” series of chrome 

teelg showed that: low carbon 
desirable; vanadium contributed 

ntible improvement ; chromium in 

2.2 cent stopped 

tion and intergranular 
lepth of penetration, 
RENDING TES The Bending of Steel 
trained | rension, J Muir and D 
R lech College J , no 4, Dec 

p. 24-82, 3 figs Effect which tensile 
resistance which mild steel 
mpression 18 investigated by bend 

conclusion of mattter seems to be 

| steel overstrained by tension 

e well-defined yield-peint in compres 




















» per selective 


fissuring and 
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Failures of Boiler Tubes 
e to Segregated Metal. Power, vol 
6 Feb 1928, p. 250. 
‘| composition of material 
inner and outer zones ot tubes of 
segregated metals; experiments were 
in order to determine extent to which 
ng and general corrosion in tubes could 
bed to segregated ingot material 


TESTS Tests by orrosion 

(ly ‘ sil cle corrosion des 
Civil, vol. 92, no, 2872, Jan. 28, 
8, pp, 90-92, 11 figs. Corrosion tests 
{ bserving manner in which forging 
lding has been executed ; micro 
iy of parts broken in service re 
ws; shows how microphotography is 

nnection with corrosion tests to 
g out pressure of impurities in metal 


BOILER TUBES 







Gives 
machined 
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GLASS-LINED 


to Steel for 





Glass Lining Is 
Many Uses, R. T. Mason. 
rade Rev., vol, 82, no. 8, Feb. 9, 1928, 
88-300, 3 figs. Insulation of enamel 
corrosive substances enables 
wider application in fields 
by other materials; meth 


Open 








nat 
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ods of production of 
in application of 


Pfaudler Co expansion 


glass-lined steel to 


variou 
industries accomplished largely through =r 
search work: every shipment of raw material 


analyzed quantitatively and 


HARDENING 
chanism of the 


qualitatively 


MECHANISM The Me 
Hardening of Steel, K. 


Honda, Fuels and Furnaces, vol. 6, no 
Feb. 1928, p. 191 Based upon extensive 
experimental investigation, author considet 


volume 
vustenite 
portant 


cracks ; 


change 
into 


during 


alpha 


transformation ol 
martensit« is 
factor in formation of 
thermic tension, on 
of lesser importance ; 


most im 
dangerou 
other hand, i 
also considerable tension 


still exists in hardened steel Translated 

from paper read at meeting of Raw Material 

Committee of Soc. of German Tron Founder 
HIGH TEMPERATURE, EFFECT OF 


Steam at High Temperatures, M 


Staegwer and 
PP. Bohnenblust Metallurgist 


(supp. to En 


gineer), Jan 7, tvaee OD Lh. Article 
relates mainly to feedwater, but main ques 

tion attacked is that of oxidation of steel 
by hot water and steam, and two possible 
directions in which attack on. ste el may ox 

cur are discussed; first relates to presence 
of dissolved free oxygen in boiler water; 


second is that due to direct 
hot steam or water and iron, resulting in 
formation of iron oxide and _ free hvdrogen 
Abtract translated from B. B. ¢ Mitteilungen, 
Nov 1927 

PERMANENT MAGNET Principle 
Governing — the Choice and Utilization of 
Permanent-Magnet Steels, R. lL Sanford, lt Ss 
Bur. of Standards—Scientific Paper, vol. 22, 
no. 567, Dec. 9, 1927, pp. 557-567, 7 figs 
Addition of substantial percentages of cobalt 


reaction between 


Sore 


to composition of permanent magnet steels 
leads to markedly superior qualities; cost of 
cobalt steela may be several times that of 
older types, however, and their use is wat 


ranted only 


under certain 
criteria for comparison of 


steels are 


circumstances , 
quality of magnet 
conditions under 
ateel is just if ad 


discussed, and 
which use of 
are outlined 


SEGREGATION Negative ot 
regation and “White Spot” 
négative, ou inverse, et tache 


more expensive 


Inverse Sec 
(Ségregation 


blanche), bl 


Pichard Génie Civil, vol. 92, no. 6, Keb 
11, 1928, pp. 182 134, 5 figs Study of 
theory of segregation and hardening of steel 


poured in ingot molds and effects of top and 
of bottom filling 

STRESS 
portant 
Stress as 


DISTRIBUTION The 
Characteristics and the 

Revealed by Etching Figures (Die 
wichtigsten Eigenschaften und die Theorie 
der Fliessfiguren), I. Takaba and K. Okuda 
Archiv fuer das Ejisenhuettenwesen, vol os 
no. 7, Jan., 1928, pp 511-515, 14 figs Dis 
cusses development of etching 
lation to distribution 

tically; relation of figures to 
theoretical discussion 
structure, 


STRUCTURE 


Most Im 
Theory of 


figures in re 
determined op 
elastic limit; 
based on erystalline 


stress 


Motion Pictures 
Structure and Stress of Steel, H. A. 
Iron Trade Rev., vol 82. no 5, Feb. 2, 
1928, pp. 894-325, 1. fig. New Method of 
studying iron, steel and nonferrous metals, 
is receiving attention of scientists; moving 


Visualize 
Knight 


pieture camera 18 pring ipal instrument used, 
aided at times by microscope, X-ray, fluoro 
scope, telephoto lens, various screens which 
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will pass only certain rays of spectrum, and dimensions f 
specially sensitized emulsions for recording properties 
rays not visible to naked eye 1350-lb, 


or steel fila 

and design 
fittings; Wal 
TEMPERATURE, EFFECT OF. The Prop work; tests of physical 
erties of Steel at High and Low lempera steel at from 70 to 1200 
tures, A. Pomp Metallurgist (Supp. to heat treatment for hig! 
Engineer), Jan, 27, 1928, pp. 13-14, 2 figs. design of fittings for best 
Describes work carried out at Kaiser Wil a ee 
helm Institut fuer Eisenforschung; empirical STEEL, HEAT TREAT! 
limit was assigned to stress for long life, ANNEALING, The ¢ 
namely, that stress below which extension and Cast Iron, F. T. Sis« 
does not exceed 0,001 per cent in from three Treating—tTrans., vol. 13 
to six hours after application of load; ef pp. 805-317, 8 figs D 
fect of temperature on properties of steel in annealing operation ; 
is bound up with method of loading; shows to annealing temperatur 
curves of impact strength against tempera at proper temperature 
ture for mild steel when subjected to differ annealing temperatur: 
ent treatments prior to testing; information various structural chang 
of direct practical importance is provided discussed; operation of 
by these curves; results of impact strength cussed is description of 
determinations at various temperatures on involves heating to 
chrome-nickel steel and 4-per cent silicon cal range; includes 
steel Abstract translated from V,. D l iron-carbon 
Zeit., Oct. 27, 1927. 

YIELD POINT. The Yield Point in Steel 
at Various Temperatures, J. Mui Foundry 
rade Jl., vol. 38, no. 588, Feb. 9, 1928, 


and 


in 


t] 
temp. 

ph 
diagram, al 
ing annealing of steel 


AUTOMATIO EQUIPMI! 
Heating and Heat Treat 


nize Auto Production, J 
pp. 91-92, 2 figs. Describes simple tension Trade Rev., vol. 82. n 


experiments made on good quality of steel pp. 815-317, 3 firs. : al 
wire, kept at various temperatures by pass Engrs Jl., vol. 22, me 
ing electric current through wire; great in 166-167, 2 figs. Describs 
crease in rate of extension at yield point, or ment of Fordson Plant 
great increase in mobility produced by even vast majority of heating 
such moderate temperatures as 50 deg. and operations are on ras 

100 deg. Cent., is no doubt connected with partment are 7 basic open 
great increase, produced by same tempera 
tures, in rate at which elasticity is restored 

after overstrain 


main heat treating depart 

est in world, includes 40 

tinuous and 6 periodic f 

YIELD POINT. The Yield Point in Steel AUTOMOBILE PARTS 
at Various Temperatures, J, Muir. Iron and Three Thnoeend inehamendy 
Coal Trades Rev., vol. 116, no. 3126, Jan, 27, R.A Fiske inom Age. 
1928, pp. 110-111, 2 figs. Tension experi Fob. 9. 1928. pp. 391 308 
ments described were made on good qualits ona one tea es ‘ he 3, 

of steel wire, kept at various temperatures Teetieeeiiog Coen rohit 
by passing electric current through wire. aaa two eal nani 
furnaces, one for hardeni 
drawing; in former, temper! 
SHRINKAGE. Shrinkage and Contraction —" gene — 
of Steel Castings, OC. W. Serman, Can, Ry. — pt eee oo on e. 
and Mar. World, no. 360, Feb., 1928, pp - oe oe * <p — 
Sl, Design must lend itself to perfection . era =—"s he 

in formation while casting is changing from = awe am. 


STEEL CASTINGS 


liquid to solid state without developing vis AUTOMOBILE PLANTS 
ible and invisible formation defects, or ex 
cessive contracting strains as casting cools 
to normal; design of any casting that ap 
proaches uniform section of metal will lend 
itself to greatest amount of perfection in 
formation of casting, and will eliminate 
trouble in service over a long period of 
time 


Treating Equipment, |! 
Age—Rec,, vol. 61, no 

pp. 182-184, 4 figs. In d 
ping its new forge shop and 
department, Willys-Overland ¢ 
attention to heating operat 
has today one of the most 


forging and heat treating p! 
SHRINKAGE, Shrinkage of Steel Cast FURNACES AND METHODS 
mee (Beitrag — Schwindung — Stahl Furnaces and Heat Treating Meth 
guss), F. Koerber and ©. Schitzkowski. ‘Stahl Davis. Purdue Univ. Eng. Ext 
u. Eisen, vol, 48, no. 5, Feb, 2, 1928, pp. 


Proey to an oo . Bul., vol. 11, no. 1, June, 19 
129-135, 9 figs. Deseribes practical signifi In heating steel for hardening 


cance of shrinkage deformation and fractures four methods are in comn 
due to variations in shrinkage; results of heating by immersion in 
shrinkage tests on steel castings obtained molten medium, by direct radiat 
from open hearth furnaces with acid and to work, by conveying heat 
basic processes ; influence of chemical com by flame or combustion blast 
position on shrinkage. (To be continued.) ferring heat by air blast pre 
VALVES AND FITTINGS. Standardizes for hardening, by immersion 
Riser Design for Steel Valve and Fittings anide mixtures are most 
Castings. tlron Trade Rev., vol. 82, no. 7, in use; does not recommend 
Feb. 16, 1928, p. 442. New standards in for cyanide immersion hard 
production of cast-steel valves and fittings; treating operations betwee! 


‘ 








NT oO} 











ic furnace comes within it 
isefulness; electric furnaces 
by radiation and heating 
mall, hence heating rate is 

















ices need much improvement 
\] IN¢ Hardening by Reheating 
Working, M. A. Grossmann and 

. Am. Soc. Steel Treating 
13. no, 2, Feb., 1928, pp. 201 
on) 215-220 and 281, 19 
Authors advance theory which explains 


f hardening of cold-worked 

iting at low temperatures; evi 

fered point to simple reason for ob 
1 of nges in strength, hardness and 
fects of reheating after quenching 
| king are discussed and _ their 
natures set forth; theory suggested 
do with thin layer of “interblock’”’ 












vhich inereases gradually in thick 
reheating temperature is raised, reach 
x m effective thickness at 600 deg 








des curves and photomicrographs 


WVETHODS Heat Treatment of Steel, J 
Ry. Jl., vol. 84, no. 2, Feb., 1928, 
Subjects handled include tools, 

heond and machine, case hardening, side 
ds and spring steel; annealing; 


















METHODS AND EQUIPMENT Heat 
Methods and Equipment. Mech 
Ss no. 2142, Jan. 20, 1928, p 

fig Discussion of essential require 

for successful heat treatment of car 


high speed tools; proper selection 
bon content must be known s80 
ching and tempering temperatures 
judged; forging, hardening and 
carbon tools and equipment re 
ling svstem; forging and harden 
ds double-deck furnace, From 
bmitted at convention of Am, Ry 

| nen’s Assn 
\UENCHING, A Practical Study of Rapid 
P. J. Haler. Ry. Mech, Engr., vol. 
Keb., 1928, pp. 99-108, 8 figs 
n of methods of quenching, speed 
ind effect produced on various 








en 
















common methods of quenching; treats 
{ is determining factor in methods 
nching and how these forms should be 










1; relative values of quenching medi 


QUENCHING, High Temperature Quench 
rt Treatment Applied to Cold Heading 





| Dies of Plain Carbon Tool Steel, F. L. 
Vright Am. Soc, Steel Treating—Trans., 
13, no, 2, Feb., 1928, pp. 282-298 and 


n) 298-296, 5 figs. Describes high 
erature quenching treatment for cold 
ng dies of plain carbon tool steel, and 

red water-spray quenching fixture used 

nching double-end ball-heading dies; 
rease in quenching temperature from 1470 
1620 deg. Fahr, followed by suitable tem 
ng treatment has doubled life of dies 
reasing their fatigue resistance to or 
nd point where dies wear or deform; 
ts of endurance tests made on dies from 
cted bars of carbon tool steel are com 
{to small variations in chemical analysis, 
rmality of tool steel as determined by 
iid-Ehn carburizing test and to hardness 


trot 
{ t 














SUPERHARDENING Superhardening of 
leat 1 


, ted Steel, E. G. Herbert. Iron 
ge, \ 121, 


no. 5, Feb, 2, 1928, pp. 832 





RNGINEERING 






INDEX O91 









333, 2 figs Possibilities of articles of hard 
steel being superhardened beforehand as mean 
of resisting wear discussed; subjecting arti 
cles to impact of cloud of balls, thus pr 
ducing work-hardened surface; any soft spot 
revealed by roughened area; successive test 
showed progressive increase in hardness uj 
to certain maximum, and thereafter slow 
softening; method of superhardening by im 
pact; method of quantity testing for hard 


ness 

TEMPERING, Tempering Changes in Car 
bon Steels, R. Hay and R. Higgin Roy 
Tech, ¢ ollege J] » ho 4, Dec . 1927, pp 
62-76, 7 fies Tempering changes which tak« 


place in quenched steels have been investi 
gated by determining Brinell hardness num 
ber, specific volume, yield stress, maximum 
stress, percentage elongation, and Charpy im 
pact value of specimens which had been water 
quenched from 1000 deg. Cent. and = tem 
pered from room temperature to 650 deg 


at 25 deg. intervals 


STEEL, HIGH SPEED 

HARDENING Defects at the Hardening 
of High Speed Steel, | Houdrement and H 
Kallen Am Sor Steel Treating—Trans., 
vol, 18, no, 2, Feb., 1928, p. 828. Difficultie 
of high speed steel hardening may be traced 
to fact that hardness of this steel is re 
tained until temperature close to melting i 
reached; authors discuss particular case of 
defective hardening Translated from \ D> 
1. Zeit., Feb. 19, 1927, p. 269. 

MILLING CUTTERS. Evaluating Quality 
in Heat Treated High Speed Steel by Mean 
of the Milling Cutter, J. B. Mudge and I 


kK, Cooney Am. Soc. Steel Treating—Tran 
vol, 18, no. 2, Feb., 1928, pp. 221-286 and 
(discussion) 2386-239, 27 figs Test of heat 


treated high speed steel in form of milling 
cutters; it was found that cutters of th 
same steel hardened by same method check 
within limits that are sufficiently close for 
test purposes; no cast cutter has been found 
to give results comparable to standard high 
speed steel refined by suitable working; cut 
ters hardened by patented or salt bath proc 
esses have not given results comparable to 
standard high speed steel hardened by open 
fire method; includes photomicrographs, 


STEEL MANUFACTURE 


CHEMICAL REACTIONS The Applica 
tion of Theoretical Chemistry to Certain Im 
portant Processes of Steel Manufacture (Ueber 
die Anwendung der theoretischen Chemie auf 
einige fuer die Stahlerzeugung wichtige Vor 
gwaenge), H, Schenck. Archiv fuer das Eisen 
huettenwesen, vol. 1, no. 7, Jan., 1928, pp 
488-498, and (discussion) 495-497, 10 figs. 
Discusses general laws of thermodynamics as 
applied to chemical reactions in steel man 
ufacture; application of certain laws of oxi 
dation and reduction of phosphorus and man 
ganese: discussion of deoxidation process, 


STELLITE 

WELDING WITH, Preventing Excessive 
Wear in Mill For Crushing and Grinding, 
B. E. Field. Chem. and Met. Eng., vol. 35, 
no. 2, Feb., 1928, pp. 96-98, 5 figs. Weld 
ing layer of Haynes Stellite to wearing sur 
faces results in many economies in cement 
manufacture: Haynes Stellite is cobalt-chro 
mium-tungsten alloy and is supplied in form 
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of welding rod; it may be readily welded 
to steel or other metals by either oxyacet- 
ylene or electric are method. 


TEMPERATURE MEASUREMENTS 

OVENS AND FURNACES. Economical 
Operation of Ovens and Furnaces. Measure- 
ments of Temperature and Heat. L. Jordan. 
Purdue Univ. Eng. Extension Dept.—Bul., 
vol. 11, no, 1, June, 1927, pp. 14-18. Men- 
tions methods of solving problems of air 
heating in ovens which are heated electric- 
ally. 


TOOL STEEL 


HARDENING. The Correct Hardening of 
Tool Steel, A. R. Page. Flight (Aircraft 
Engineer), vol. 20, no. 4, Jan. 26, 1928, 
p. 54L, 1 fig. Home practical experiments 
to determine correct methods of hardening 
tool steel; microstructural state of tool just 
as important as hardness; correct point at 
which to quench steel is at point where ma- 
terial becomes non-magnetic, and not at point 
where thermal arrest is complete; Wild Bar- 
field outfit definitely informs operator as to 
exact point at which to quench his work. 

HEAT TREATMENT. Non-Deforming 
Steels Require Care, W. P. Eddy, Jr. Iron 
Age, vol. 121, no. 7, Feb. 16, 1928, pp. 
468-470, 4 figs. Heat treatment of non- 
shrinking oil-hardening tool steels to pre- 
vent cracking, warping, soft or brittle skin, 
and to get desired hardness and exact size; 
procedure to avoid cracking; open fire and 
muffle liable to produce soft skin; pack hard- 
ening requires slightly higher quench; cy- 
anide baths may produce brittle surfaces; 
claims for salt mixtures exaggerated; rec- 
ommended heat treatments. 

SPECIFICATIONS. Tools and Tool Steel 
Specifications, E. 8. Lawrence. Heat Treat- 
ing and Forging, vol. 14, no. 1, Jan., 1928, 
pp. 26-31 and 87, 11 figs. Factors to be 
considered in specifying for purchase of tool 
steels; classification, chemical limits, hard- 
ening and tempering practice; importance of 
microscopic examination; presents table giv- 
ing mechanical limits of carbon tool steels; 
heat treating features; photomicrographs. 
Bibliography. 


WELDING 


STAINLESS STEEL. Welding of Non-Cor- 
rosive Steels (Ueber das Schweissen von Rost- 
sicheren Staehlen), W. Hoffmann. Autogene 
Metallbearbeitung, vol. 20, no, 24, Dec. 15, 
1927, pp. 337-345, 18 figs. Report from 
welding laboratory of Gebr. Boehler steel 
works of Duesseldorf on welding tests of 
chromium and chromium-nickel steel plates ; 
metallographic, microscopic studies of welds; 
oxyacetylene process used without modifica- 
tions; in are welding electrodes must be 
coated: welds of non-corrosive steels are su- 
perior to welds of ordinary steels and by re- 
ducing carbon, silicon and manganese con- 
tents welding increases resistance to cor- 
rosion. 


WELDS 


BRITTLENESS AT RED HEAT. Red- 
Shortness of Weld Metal, A. H. Goodger. 
Welding Engr., vol. 13, no. 2, Feb. 1928, 


pp. 39-43, 6 figs. British Welding engineers . 


investigate causes of brittleness of some welds 
at red heat, and means of controlling crystal- 
line structure; many fusion welds red-short 
and particularly with electric are welds; 
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representative compositions 

mercial use; other effects 

of metal through arc: effect set. 
tent of electrode on red 
tensile strength: bend tests 
of welds; microstructure : 
gen gas. Paper read bef 
Engrs. 

TESTING. The Testing | 
Progress, vol. 9, no. 1, Jar ik eee 
Special Committee on Weld . ee 
Deutscher Ingenieure has 
mend simple bending test 
been worked out which spe 
test is to be carried out, 
ties test piece must show 


WIRE 

ALUMINUM. Proposal for 
zation of Aluminum Wire (Ent fuer 
Normung von Leitungsaluminiw Jeit 
Metallkunde, vol. 20, no. 1, Ja 
14-15. Results of work an 
committee for standardization of 
wire carried out jointly by Assr 
Electrical Engineers and Ger 
graphic Society. 

MANUFACTURE. Rod R 
Drawing, J. P. Bedson and J 
rose. Iron and Steel World, v 
Jan., 1928, pp. 27-30. Diss 
processes involved in steel wir: 
from billet to finished part; roll 
in rods for wire drawing; dis 
wire-drawing process; metallurgi: 
ments of wire and physical char 


STEEL, COLD ROLLING. The Cold R 
ing of Steel Wire, H. Goldschmidt. W 
vol. 3, no, 2, Feb., 1928, pp. 43-46, 18 { 
Rolling process applied to small g 


ing il W 


I 


shows advantages; choosing right calil 
rhombus with vertex angle of 100 deg.; pi 
ciple of automatic lead proved very adva 
tagecus in all our experiments; transfer { 


rhombus-profile to round cross-sectior 
ished wire facilitated by intermediate | 
comparative breaking tests with draw 
rolled wire. 

STEEL, DRAWING AND BLUEING. Ef 
fect of Drawing and Blueing on the Phys 
cal Properties of Wire, J. D. Brunton. W 
vol. 3, no. 2, Feb., 1928, pp. 47-49 a 
66-69, 3 figs. Modifications in physical | 
erties due to wire drawing depend chiefl 
structure of steel before tempering and 
amount of cold work put on it; tens 
strength increased with corresponding redu 
tion in ductility as measured by elongat 
fatigue; elasticity can be increased considet 
ably in wire by blueing or heating to t 
peratures below 400 deg. Cent. 

STEEL, TESTING. The /Yield-Point 
Steel at Various Temperatures, J. Muir. & 
Tech. College—Jl., no. 4, Dec., 192), Pl 
14-23, 2 figs. Experiments are des 
showing yield points observed in simple tel 
sion tests made on steel wires electrica 
heated. 


STEEL. The Manufacture of Steel W 
G. A. Alder. Iron & Coal Trades Rev., ¥ 
115, nos. 3119 and 3120, De and 1 
1927, p. 862 and 891-892 Deals 
modern practice including blueing, wet di iv 
ing and annealing. Dec. 16: Patenting 
prevention of decarburization; ov draw : 
not usually cause of failur Abstra 
paper read before leveland Inst Engrs 








NEWS OF THE SOCIETY 


News of the Society 


MINUTES OF MEETING OF THE BOARD OF DIRECTORS 


Mr. RoyAL HOTEL, MONTREAL, FEBRUARY 15, 1928 


Present 
I’. G. HUGHES T. E. BARKER 
J. F. HARPER W. H. PHILLIPS 
J. M. WATSON W. H. EISENMAN 
L. D. HAWKRIDGE 


Abse nt 
J. H. NEAD ZAY JEFFRIES 


Upon motion by Mr. Harper, seconded by Mr. Hawkridge, and unanimously 
-ried, the minutes of the previous meeting were read and approved. 

The first matter for consideration was the report of the Finance Committee 
presented by treasurer Watson. The Profit and Loss Statement, and balance 
sheet for 1927 were then presented and ordered filed pending the arrival of the 
Profit and Loss Statement and balance sheet for 1927 from the auditors. 

It was upon motion by Mr. Harper, seconded by Mr. Barker, that these 
statements were approved as submitted. Auditor’s financial statement on 
page 697 of this issue. 

Upon motion by Mr. Barker, seconded by Mr. Watson, the Board of 
Directors accepted the recommendation of the Finance Committee that the 
furniture item should be reduced from the present value in the financial state 
nent, to an asset of $500.00. 

Upon motion by Mr. Watson, seconded by Mr. Barker, and unanimousl) 
carried, the inventory to the amount of $4575.70, as submitted by the Finance 
Committee, was approved. 

Upon motion by Mr. Hawkridge, seconded by Mr. Phillips, and unanimously 
earried, bad accounts to the amount of $861.79 were written off the books as 
recommended in the report of the Finance Committee. 

Upon motion by Mr. Harper, seconded by Mr. Watson, and unanimously 


arried, the following three recommendations of the Finance Committee were 
approved: 


Reserve for bad accounts—$#1000.00. 

That the present reserve of $10,000.00 for dues paid in advance be 
increased to $20,000.00. 

That a reserve fund be set up for the printing of the General Index 
every 5 years, and that $600.00 annually should be added to this re- 
serve fund for this purpose. 


pon motion by Mr. Watson, seconded by Mr. Harper, and unanimously 
carried, the recommendation of the Finance Committee that $20,000.00 addi 
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tional of the Society ’s funds should be invested in high Ori 


approved, and the Finance Committee was authorized to 
purchase. 


r\y 
} 


Upon motion by Mr. Barker, seconded by Mr. Watson. 
carried, it was recommended that the salary of the secretary by 
the following basis: 


il 


o0 per cent against convention 
30 per cent against Society 
20 per cent against TRANSACTIONS 


The budget as submitted by the Finance Committee was | 


the Board and unanimously approved, upon motion by M); 


seconded by Mr. Barker. The budget follows: 


Proposed Budget for Year 1928 
INCOME 


Gross Dues 

Transactions Advertising 
Transactions Sales 

Transactions Subscriptions 
General Index 

Reprints 

Bindery 

Book Account 

Miscellaneous Items 

Data Sheets and Binders 
Discounts Received 

Interest 

H. M. Howe Medal Fund Income 
Extension Division Lecture Courses 
Sustaining Exhibit Membership 
1928 Convention 


EXPENSE 

Local Chapters 
Increase of Membership 
Semi-Annual Meeting iS dee oh 600 
Extension Division Lecture Courses e* 10,006 
Transactions De 14.900.( 
Reprints ie 1,500.01 
Bindery Account 1.500. 
Book Account 2,100 
Library "200. 
Data Sheets and Binders 8 000. 
Discounts Allowed 600.( 
Miscellaneous Items 1,000 
H. M. Howe Medal Fund Expense 20 
E. D. Campbell Memorial Lecture 500 
General Expense 8,850 
Secretary’s Office 17,200 
President’s Office 1,000. 
Treasurer’s Office 5,500 
Directors’ Expenses 2,000 
National Committees 5,000. 
Reserves 9,837 
1929 Convention 500 
Western States Metal and Machinery 9,000.0! 
1928 Convention 100,000.( 


A progress report was presented on the 1928 Philadelphia Conv 
and Exposition. It was announced that the American Welding Societ) 
the Institute of Metals would co-operate with the A. 8. S. T. in Nati 
Metal Week and that an invitation had been extended to the Iron and Steel | 
sion of the American Society of Mechanical Engineers to participate also 
technical program is shaping up very satisfactorily ; while the indications 


that the requests for space would be in excess of the available foot 










stooge had alre 


ps 


nial 


rress 


14, 1: 


(‘om 
rroups of other technical societies in order to have them assist in 
icipation 


Th 
and the Western States Metal and Machinery Exposition. 


santa 


train which is to leave Chicago on January 5, 1929. 


nterest 


ursuant 
. was prepared and submitted to them figures and costs relative to the 
tion 


pon 


ly carried, authorization was granted to proceed with the issuing of the 


) 


N\ 


ROOK 
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otion by Mr. Hawkridge, seconded by Mr. Harper, the progress 
Convention and Exposition was accepted. 

cress report was read, accepted, and ordered filed on the Semi 

ting of the A. 8S. 8. T to be held in Los Angeles, the week of 

1999, The report showed the Society was receiving splendid assist- 

o-operation from the members of the Los Angeles Chapter ; important 

ady been organized and many had started to function. The 


nittee under W. H. Laury was completing making contacts with 


of the program and to hold at the same time, if possible, 


etings of their own societies during the days of the Western Metal 
Fe railroad was selected as the official outgoing road for the 
in the Western States Metal and Machinery Exposition was Te 
he very enthusiastic, and the floor plans which will be ready about 
1928, will undoubtedly have a very eordial reception. 


with instructions issued by the Board at their December meet 


‘1 bound form of the Data Sheets of the A. Ss. 8. T. 
motion by Mr. Harper, seconded by Mr. Eisenman, and unan 


in bound form. The rules and regulations under which the HAND 


-- +9 be issued will be as follows: 


The advertising rate will be $200.00 per page. 


Two page spread $300.00. 


Witt printed H[ANDBOOK to be available for distribution not later than 


October, 1928, and to be known as the 1929 Edition. 


The printed HANDBOOK will be distributed free of charge to all (except) 


Junior) members in good standing on date of issue and to members 
joining the Society until the next issue. 

ach member receiving @ copy of the HANDBOOK will give a num 
bered receipt for the same. 

That a revised edition of the HANDBOOK will be published for dis 
tribution on or about January, 19380. 

In order for members of the Society to obtain the 1930 edition of the 
HANDBOOK, it will be necessary for them to return the copy they 
have in their possession of the 1929 HANDBOOK. 

Exchange of prior for future editions of the HANDBOOK may be 
affected by returning the 1929 copy to the National headquarters or by 
edition will then be mailed directly from the National Office. 

lhe sale of the A. 8. 58S. T, HANDBOOK to other than members will 


deposit of the prior edition with the chapter secretaries and the new 


be at the price of $7.50. 
Members losing their HANDBOOK may, upon proper proof of loss, ob- 





tain a second numbered copy for $5.00. 
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10. Junior members may obtain the HANDBOOK at $2.50 p 
exchange privileges during the time they are junior n 


Upon motion by Mr. Harper, seconded by Mr. Watson 
carried the Board instructed the secretary to issue a lette: 
nition to R. T. Bayless, editor of the TRANSACTIONS for his s 
ating the Bayless Plan of exchange of the bound A. 8. 8, T. 
by eliminating the feature that had been insurmountable in a 
of distribution of the bound HANDBOOK. 

The Board of Directors then met with the Publication ( 
had been in session that day and received a report from thi 
recommendations and activities. 

The Board of Directors then met with the Recommended P 
mittee then in session at Montreal for an informal discussio: 
of that committee. 

The seeretary then reported that Dr. W. H. Hatfield, head of the } 
Firth Laboratories, Sheffield, England, had accepted his appo 


Edward DeMille Campbell Memorial Lecturer for 1928 and that Dr, Hat; 


would further be available for the presentation of talks and lectur 
educational institutions and various chapters of the Society. 

Upon motion by Mr. Harper, seconded by Mr. Hawkridge, th 
heat treating practices were advanced from tentative to recommend 
of the Society: 


1. Recommended Practice for the Heat Treatment of 18% Tungst 
Speed Steel—M-3 and M-4. 

2. Recommended Practice for the Heat Treatment of Plain Carbo: 
Steels—N-3 to N-6. 

3. Reeommended Practice for the Heat Treatment of Non-Shri 
Non-Deforming, Oil-Hardening Tool Steels—N-7 and N-8 


4. Recommended Practice for the Teat Treatment of Finishing St 


‘N-9 and N-10. 


t 


Cutters—N-11 to N-14. 


Cam Shafts—N-19 to N-21. 


earried, the proposition with reference to group insurance was referred 
Finance Committee. 


Upon motion by Mr. Phillips, seconded by Mr. Eisenman and unani 


5. Recommended Practice for the Heat Treatment of Taps and Mi 


‘ ‘ 


6. Recommended Practice for the Carburizing and Heat Treatment 


earried, the suggestion for a proposed change in name from the Amer 
Society for Steel Treating to the American Metallurgical Institute was referr 


to the Constitution and By-Laws Committee so that they might report 
to the board the wisdom of the proposal or suggest other names. 


Upon motion by Mr. Barker, seconded by Mr. Watson and unanimou 


earried, it was decided to send out the first notice for dues tlree montis 


in advance of the expiration of the members’ dues; the second not 
months in advance of the expiration of the members’ dues; and the 


+ 


Upon motion by Mr. Barker, seconded by Mr. Eisenman and unanimous 





S 












nanin 
e Amer 
ras referr 


report ha 


present its financial position at December 31, 
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tice one month before the said expiration, and if the members’ 
not paid at the date of expiration, the member should be con 
linquent and should not receive TRANSACTIONS or Data Sheets or 

services from the Society. 

yon motion by Mr. Hawridge, seconded by Mr, Phillips and unanimously 
was decided that one year’s dues must accompany each application 

nbership before it can be considered for approval. 

‘he secretary was instructed to notify the chapter executive committees 

hairman and secretary of each section, of this new rule of the board in 

next monthly chapter letter. 

Upon motion properly made, seconded and carried, the meeting adjourned. 


Respectfully submitted, W. H. E1rseENMAN, Secretary. 


FINANCIAL STATEMENT OF THE AMERICAN SOCIETY FOR STEEL 
TREATING FOR THE YEAR 1927 


The official report of Nau, Taylor & Swearingen, certified publie account- 
ts. covering the results of their audit of the books of the society is sub 
tted herewith. 


‘his statement again shows a very healthy condition of our finances, the 


Society working within its income and making substantial increases to its 
rplus. 


The ‘‘Income and Expense Statement’’ shows a large increase over our 
6 turnover which indicates a substantial increase in the society activities. 
Full details of the audited report are herewith given. The official copy 
( this report is on file at the society offices and is open for the inspection of 
uterested members. 


NAu, TAYLOR AND SWEARINGEN, the certified public accountants who made 


udit certify as follows: 

‘‘We have audited the books and accounts of the AMERICAN SOCIETY 
FOR STEEL TREATING for the year ended December 31, 1927, and, in our 

nion, the Balanee Sheet—Exhibit A, together with the annexed Income 


Expense Statement—Exhibit B, and Surplus Reconciliation* correctly 


31, 1927, and a summary of opera 


ons for the year then ended, basing the income from dues upon date of cash 


elpt 


and other income upon date of accrual irrespective of date of receipt.’’ 
NAU, TAYLOR & SWEARINGEN, 


Certified Public Accountants, 


EXHIBIT A—Balance Sheet December 31, 1927 
ASSETS 


CASH 


leveland Trust Company—Savings Account 
savin 


7,407.59 
19,347.55 
10,619.92 
85.00 
111.61 $ 87,348.45 


os 


gs & Loan Company 
lrust Company 


INVESTMENTS at Par Value—Schedule No. 104,000.00 


es 1, 2, 3, 4 and Exhibit © are on file at society offices, 
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ACCOUNTS RECEIVABLE 
Advertisers—Schedule No. 2 ....... 
Convention Exhibitors—Schedule N¢ 3 
Miscellaneous—Schedule No. 4 ........ 



















Less—-Reserve for Doubtful 


Accounts 
















ACCRUED INTEREST—Investments—Schedule No. 1 ...... 
INVENTORY Publishing Supplies, Pins, Buttons and Vlencils 
FURNITURE AND FIXTURES—Nominal Value per Books. ; ‘ 
DEFERRED EXPENSES 
Semi Annual Meeting—Montreal 


1928 Convention ........... 
Western Metal Exposition 


























TOTAL ASSETS 






LIABILITIES, RESERVES 
Chapters’ Share of Dues 
Extension Division Lectures .............. 
Reserve for Dues Paid in Advance 
Permanent Convention Reserve .............. 
Reserve for Publication of General Index 

H, M. Howe Medal Fund 
Surplus—Exhibit C 


AND SURPLUS 

























EXHIBIT B—Income and Expense Statement Year Ended December 31. 1927 








INCOME 
Advertising—Transactions and Convention Program 
Membership Dues—Gross 
Exhibitors’ Space—Detroit Convention )2 
Special Service to Exhibitors—Convention .... oo r¢ 






Exhibitors Sustaining Membership ..............00++. 6,8 
RETR —-GPGHE © an wowcctchbicceccctecccecees 2 Ot 
Exhibitors’ Badges and Banquet-——Convention ......... 1,94 
Magazine Sales and Subscriptions—Transactions ..... 172.8 






EE CE i diwnietnde ea ome oe ee SP Oe CEU Hs He AN . 1,1 19 
Pins and Buttons Sales 
PY SE ko wa 2 0s 0% 
Data Sheet Sales 





















iin. Mi Ge Cid eee oe 6 baeete Ms eee ee : 433 
rn nr Mn ‘ois 5 eo 6 nS 6k ered © e's + ee ye 1,796.6 
I, MG ere Maids eo 0 (ath eel ile tes wie 6 eet aie »,412.4 
es ae ta cia wenn «le Wil wae 11,870 
Reprint Sales and Miscellaneous Income ............ 1,810.4 
RS RSS er fee ee ee ee ee 479.4 
oe os a ka wig bo te pie 660,80 ocetieh €.F 139.1 
Interest Earned—Schedule No. 1 .....ce cece eecccees 5,354.39 
Interest Earned on H. M. Howe Medal Fund—Schedule 


No. 1 








Total 





eR ree 






EXPENSES 
Dues Returned to Chapters . 22,39 






















Cig Aaa @ ewe tice ack Ccaueaten se 0.4 
GS GE EE ek ce deere cc rceavewesssccceelees 1,031.5 
Ge IED a6 ip evs oud CeCe See ea tones wit 76.15 
NE 6. b6. 56 6b hos N eee ec Cees eer ee gee Swen « 220.06 
SE. a oe. So acd eee eee ee eer ee deere eNO Es 1,087 .0f 
EN Ae ee Pe, Se Tee ee Eee ee 2,071.59 
| ee SS ee eee ey as ag ee 37.8 
PE. GONE Sic tiec sce ceuins eee nee Credit $6.30 

I CR. wes 645 ec kwts ee thes «eas ee aes eleels 24.48 
JOS hs os a bak on bob's eRe Owe 6 oe} a eet 622.58 
ee eee Te ere TET Te TET TOE 1.4 
H. M. Howe Medal Fund Expense ............+000+- 551.¢ 
E. D. Campbell Memorial Lecture Expense .......... 566.1 
Telephone and Telegraph—General ............++4+5. 522.01 
ES EE eer ee re er ee eT Cee 2,775 
PRR EERTORD «6 60.0404 whe cen ces On ce see viele ee eee 2,291.3 
GUM BIAS noo es reece ce cecnesimecedecsgens 924.71 
INN io cds beso tb.aee Sus ees cehees ks ane VSS RORSA 1,197 ( 
Convention ExXpemse ...cccccsccccccccesccvspececes 380.5 
Collection and Legal Expense ........-seeeseccccves 514.51 





NN as oho UU 66s CA KY UNE CES KROSS be OER ROR 511 





NEWS OF THE 


ue of Furniture and Fixtures 
Value of Bonds—Cost to Par 
N l 


Bad 


Cover Stock 


Assistance 
Traveling Expense 
Salaries 


no 


Index—Provision for 


UOtfice 
ve Salary 
Secretary’s Salary 
Salaries 
iveling Expense 
Miscellaneous Expense 


t’s Office 
veling Expense 


llaneous Expense 


Ones 


ng Expense 
ineous Expense 


mittees 


and 


Meet ngs 


Lonvention 


| 


fraveling Expenses 
txpense—Other Items 


| xpenses 


SOCIETY 


15,303.69 
7,998.68 
2,851.69 
1,527.36 
5,549.91 
2,335.00 

448.40 
1,591.50 
114.00 
299.10 
1,465.06 


600.00 
2,833.76 


1,327.88 

309.0: 
2,099.92 
810.00 
556.28 


1,323.10 


4,532.99 
6,000.00 
8,240.20 
3,199.13 
1,450.33 


1,028.24 
54.05 


4,112.50 
410.00 
105.65 


2,099.92 
1,495.60 
221.99 
5.20 
954.45 


56.33 


427.30 
695.97 


8,966.58 
11,019.58 
10,325.00 
23,866.99 
17,391.76 
15,40] 04 


224,262 
irried to Surplus Account—Exhibit ©C.. 42,066.88 


$266,328.78 
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SCHEDULED MEETING NIGHTS OF CHAPTERS 


For the convenience of visiting members, those chapters | 
meeting nights are listed below. 
Boston—First Friday, H. E. Handy, secy., Saco-Lowell Shops, 
Phone, Lowell 4050. 


Apr. 
May 


BurraLo—Fourth Friday. F. L. Weaver, secy., America: 
Bond Plant. Phone, Riverside 1770. 

CANTON-MASSILLON—No schedule of meetings as yet r 
Sergeson, secy., Central Alloy Steel Corp., Canton, Ohio 

CAsE GrouP—No schedule of meetings as yet received. J. M 
Case School of Applied Science, Cleveland. Phone, Ga 

CHICAGO—Second Thursday, with exception of March 6. J. 
secy., Room 1724 Peoples Gas Bldg. Phone, Wabash 60( 

Apr. 12—Manufacture of Cold Drawn Steel 

CINCINNATI—No schedule of meetings as yet received. 
Robert J. Anderson, Ine. 

CLEVELAND—Third Friday. J. 8. Ayling, secy., Case Hardening 
Phone, Atlantic 0293 


Apr. 20—Metal Stamping 
May 18—Social Meeting. 


CoLuMBUS—Third Tuesday, with exception of Feb. 14. G 
secy., Buckeye Steel Castings Co. Phone, Garfield 060 


a 17—Forgi gings 
ay 


DAYTON—No schedule of meetings as yet received. 
ton Power & Light Co. 

Detroit—Third Monday. Jos. G. Gagnon, secy., Hudson 
Phone, Lenox 3232. 

Fort WAYNE—Paul Renfrew, secy., S. F. Bowser & ‘ 
2341. 


a —Nickel-Chromium Alloy in Gray Iron 
ay —Shop Equipment and Shop Kinks 


GOLDEN GATE—Second Wednesday. 8S. R. Thurston, secy., 
building Corp., San Francisco 


Apr. 11—Joint Meeting with the American Welding Society 
Properties of Welds at High Temperature soo elt 
Properties of Carbon and Alloy Steels at High Temperat 

May 9—The Hardness of Metals, Methods of Testing and What 
Test. Comparison of the Wear Resistance of Differet 
Under Different Conditions of Heat Treatment. 

June 13—Heat Treatments of Nonferrous Alloys, Their Purpos 
Significance. 

Moving Picture—The Story of Copper. 


Hartrorp—Second Tuesday. Henry I. Moore, secy., Firth 
Co. Phone, 6-5554 Hartford. 


ee. 10— Manufacture of Automotive Alloy Steels 
ay 8—Manufacture of Malleable Iron 
June 8—Eighth Annual Banquet. 
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Pi Second Monday. James §&. 
Bldg. Phone, Riley 3724. 

y VALLEY—NOo schedule of meetings as yet received. H. 
secy., Ingersoll-Rand Co., Phillipsburg, N. J. Phone 977. 


toc ANGELES—Second Thursday. -— 
~~ Phone, TR. 0621. 


Ruth, secy., Ducom 


vAUKEE—Second Monday. 







\ovTREAL—No schedule of meetings as yet received. 
Apt. 35, 376 Claremont Ave., Westmount, Montreal. 


N HAVEN 
well, seey., Standard Oil 
Pioneer 9940. 
Apr. 12—High Speed Steel 
May 10 


Co. of New York. 


Place of Nonferrous Metals in Industry 














Phone, Sunset 9000. 


ru-WEst—No schedule of meetings as yet received. Alexis Cas 
Manufacturers’ Assn. of Minneapolis. 








Apr. <I V EEN TIUUNED ccc cc vcccccccccoccccess De. F.. & 

May ee ei wled ke eed eeeseeeoteren 

Norre DAME—Second Friday. Frank J. Mootz, secy., Notre | 
versity. Phone, Lincoln 1121. 


[LADELPHIA—Last Friday. 
Elkins Park, Pa. 
Apr. 


A. W. F. Green, secy., 407 
Phone, Melrose 4542-M. 
27—General Melting Practice, Influence of Crystallization 

on the Commercial Application of Metals. 
urcH—First Thursday. H. L. Walker, secy. Box 
Station. 


52] 


RuoOpE IsLAND—Third Wednesday. C 
Providence. 






Phone, Gaspee 6233. 
CHESTER—Second Monday. Irving C. 
Co. Phone, Glenwood 1300. 


Apr. 9—Die Castings 


Mathews, secy., 







May 14—Business Meeting—Election of Officers 
Second Friday. O. T. 
Phone, Forest 447. 
SCHENECTADY—Third Tuesday. 

Phone, 2-4900-Ext 44. 


hOCKFORD 


Muehlemeyer, secy., 700-702 








“3. E. L. Woods, seey., Springfield Gas Light Co. 
St. Lovis—Third Friday. 


Phone 
C. C. Werscheid, secy., Colonial Steel ¢ 







Garfield 1263. 
Sea vs Second Tuesday. S. P. Peskowitz, secy., Halcomb 
hone . 3 231. 







Apr. 10—Flow of Metals in Forging 


re ee ee ee ee 





1 
AUAO 0 





No schedule of meetings as yet received. 


A. Lowry, 
Willard Ave, 





Knight Charlton, secy., Bucyrus Co. 


Second Thursday, with the exception of June 15. F. 


eee eee ere eee eet eereeeeeeeeeeeeees 


Eastman 


SOUTHERN TIER—Third Monday, with exception of Apr. 23. 
Udgen, secy., 617 Peoples Trust Building, Binghamton, N. Y. 
(754, 

\ 
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Marlowe, secy., 606 State Life 


V. Apgar, 
nun 


Corp. 


Phone l. 


D. G. MacInnes, secy., 


E. Stock- 


Phone, Beacon 1520, 


J. P, 


Bliss Co. 


PI CE Pig. RS ES ee ee ee Ww. 
June —Annual Frolic—Details and date will be announced later. 
\ York—Second Monday. I. N. Holden, Jr., secy., E. W. 


well, secy., 


Langenberg 
E, C, Smith 


Jame Uni- 


Shoemaker Rd., 


and Cooling 


, North Side 


. G. Peterson, secy., 100 Weybosset St., 


Koduk 
..Sam Tour 


Race St. 


J. G. Hicks, secy., American Locomotive Co. 


Walter H. 
Phone, 


INGPIELD—Third Monday, with exception of Mar. 21, Apr. 25 and May 


, 5-3900. 
‘0. Phone, 


Steel Co. 


J. H. Nelson 
secy., 450 
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Tri Ciry—No schedule of meetings as yet received. Geor; 
secy., People’s Power Co., Moline, Ill. 
WASHINGTON-BALTIMORE—No schedule of meetings as yet 
Herschman, secy., Bureau of Standards. 
WORCESTER—No schedule of meetings as yet received. ©. ( 
Worcester Polytechnic Institute. Phone, P110. 





STANDING OF THE CHAPTERS 


URING the month of February there were 138 new and 
bers, while 96 were lost through arrears, resignations ; 
ing a net gain for the month of 42 members. The total men 
Society on March 1, 1928, was 4935. 


Membership standing of the society as of March 1, 1928. 






Ss as fol] 






GROUP 





I GROUP II GROUP IT] 

























1. Detroit 470 1. Hartford 139 = 1. Tri City 

2. Chicago 446 2. Dayton 137 2. New Haven 

3. Pittsburgh 374 3. Milwaukee 120 3. Washington 

4. Philadelphia 328 4. Golden Gate 118 4, Worcester 

5. Cleveland 319 4. Los Angeles 118 5. Rockford 

6. New York 301 6. Lehigh Valley 114 6. Colum! 

7. Boston 265 7. Canton-Mass. 111 7. Providen 
8. St. Louis 102 8. Rocheste: 
9. Indianapolis 100 9. Toronto 
10. Cincinnati 96 10. Southern Ti 
11. Syracuse 86 11. Schenectady 
12. Montreal 73 12. Fort Wayn 
13. Buffalo 69 13. Springfield 
14. North-West 54 14. Notre Dam 









Five chapters, Chicago, Cleveland, Detroit, Philadelphia and Pittsbu 
had gains of 10 members or more. This was offset in most instances by 
from arrears, Detroit leading with 19; Pittsburgh second with 10; (| 
third with 9. 

GROUP I—Detroit still has first place in this group, although sufferi 
a loss of 13 last month. Pittsburgh, Cleveland and Boston with net g 
each retain their same positions, while Chicago had a net gain of 1, New Yor 
keeping the same number as last month. 

GROUP Il—Hartford with a gain of 4 still holds position 1 wit 
just 2 members behind. Los Angeles, the new member in this group will 
net gain of 6, goes into a tie for 4th place with Golden Gate, having 
of 118. St. Louis with a splendid gain of 7 new members has now pass 
century mark and also stepped ahead of Indianapolis who suffered a 
4. Montreal with a net gain of 5 advanced from 13th to 12th positiol 
this group 2 chapters showed gains of from 1 to 7 members each; two remau 
the same and 4 had losses. 

GROUP III—New Haven with a nice gain of 5 goes 








— 
3 
Zz 


group Wl 
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having a tot 


LOW passt 
ered a 


positic 


- two remained 











NEWS OF THE CHAPTERS 703 





first place with 86 members. The only other change in position 
eon was Scheneetady with a gain of 3 which advanced from 12th to 


S 


nosition. in this group 7 showed a gain of from 1 to 5; 5 remained as 






ot month, and 2 showed a loss. 





BOSTON CHAPTER 













ebruary meeting of the Boston Chapter was held at Massachusetts 
tute of Technology on Friday, Feb. 3, 1928. The usual dinner was held 
Walker Memorial after which Dr, E. J. (Eddie) O’Brien, eminent Cam- 
eo surgeon, and nationally known football referee, gave a humorous talk on 
football experiences. The gist of his talk was that ‘‘it matters not whether 
, win or lose, it’s how you play the game.’’ The Chapter is indebted to Harry 

West for the pleasure of Dr. O’Brien’s presence at the February dinner. 
The principal speaker of the evening was Dr. Robert 8S. Williams, Pro 
‘oesor of Metallography at Massachusetts Institute of Technology, and Chair 
f the Boston Chapter Program Committee. Dr. Williams’ subject was 
Practical Metallography’’ and it constituted the 15th lecture of the Boston 
Chapter Metallurgical Course. He described the method of constructing the 
. diagram and explained the use of the microscope in alloy studies. The 


ndance was 140. H. E. Handy. 










BOSTON CHAPTER EDUCATIONAL COURSE 


[welfth Lectwre—‘‘ Physical Properties of Metals and Methods for De- 













mining Them’’ was the subject of Professor Cowdrey’s talk on January 
f Leeture 12, Boston Chapter Educational Course. Definitions of the 
lifferent properties of metals and a detailed explanation of them was followed 
by an actual demonstration of physical testing in the laboratories of Massa- 
setts Institute of Technology. 
Not many of those present were familiar enough with the modulus of 
isticity to visualize the fact that two pieces of steel of the same section, one 
a tensile strength of fifty thousand pounds and the other with 150,000 
nds per square inch, when subjected to a given tensile stress, will both 
gate the same amount, provided the elastic limit of neither is exceeded. 
lhirteenth Lecture—The 13th lecture of the course was devoted to hardness 
ting and repeated stress. The scleroscope, Brinell and Rockwell were the 
inipal instruments discussed although the Brinell Meter, the Herbert and 
thers were mentioned. In discussing the above types of machines Prof. Cow- 
rey stated that the seleroscope was falling into disfavor while the Rockwell 
Was gaining popularity fast and he thought it might sometime replace the 
rinell as the standard of hardness. A blueprint showing the relation be- 
tween Brinell and Rockwell hardness was distributed with the notes, it being 
‘“opy of the one appearing in Professor Cowdrey’s paper given before the 
boston Convention in 1924, 













ger) } , 7 . . * . ° 
Describing the fatigue limit as the stress which may be repeatedly im- 
‘an unlimited number of times without producing fracture, the speaker 
led to deseribe the methods of Dalby and of Moore for producing the 






Feeder 
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stress repetitions. 





He stated that a stress which fails to pro 
10,000,000 repetitions is held to be within the fatigue limit 

Fourteenth Lecture—‘‘ Choosing the Testpiece’’ was tl 
lecture on January 27, 1928. Stating that destructive tests 
proxy, Professor Cowdrey explained the standard methods o: 
specimens so that they will be truly representative of the 
to which the parts themselves are subjected. Test pieces fo: 
and castings were discussed. The results of the tests may b: 
shape of the test piece. It is essential to maintain the rati 
diameter (1:4 for the standard 0.505 specimen). A change in ¢! itio 
affects the per cent elongation. A steel giving 30 per cent elongat n & 
may show 50 per cent in 2 inches. It has been shown (Dall that 
specimens are geometrically similar the results of tests are han 
specimen becomes very short the tensile strength is also chang 
materials, due to restriction of flow. 


When the length of the test piece approaches zero (grooved 


~* A vt 


there will be almost no chance for readjustment of the grains. The f; 
then constrained largely to the grain boundaries and the result is a { 
of granular texture even with material which normally breaks with a . M: 
cone fracture. Grooved specimens show an augmented tensile strengt! 


steel may have its tensile strength increased 50 per cent by groo 
piece. The elongation then becomes practically zero. 
The 14th lecture finished Prof. Cowdrey’s very interesting series 



















on physical testing and he was given an enthusiastic rising vote of t! 
H. E. Ha 


The March meeting of the Boston Chapter was held at Massachusetts 
Institute of Technology on Friday, March 2, 1928, dinner being ser 
Walker Memorial at 6:30 p. m. to about seventy members and guests. 

Immediately following dinner Dr. Robert 8. Williams, Professor of Met 
lography at Technology, presented the 19th lecture of the Educational | 
his subject being ‘‘The Hardening of Steel’’. He described in detail, wi! 
illustrations, the hardening, quenching, tempering, toughening and spl 
dizing of steel and touched briefly on temperature measurement. 

The guest speaker of the evening was William 8. Bidle of Cleveland, | 
president of the American Society for Steel Treating, and heat treater ‘'E 
traordinary,’’ who addressed the Chapter on ‘‘ Troubles of the Practical ! 
Treater’’. Bill is well known to the Boston members and was enthusiastically 
received. His talk, which was made up wholly of his thirty years of heat t 
ing experiences, was very much enjoyed by his audience. The attendance was 
about 125. H. E. Hand 
CHICAGO CHAPTER 

















The January meeting of the Chicago Chapter was held at the City 
Thursday evening, January 12, with a total attendance of about 225 members 
and guests. 

The speaker of the evening, H. E. Harding, associate chemist, Bureau 


Standards, Washington, gave a most interesting paper on the su 





Massachusetts 


ing served i 


guests. 


ssor of Met 


tional | 


in detail, with 


and sph 


Practical ! 
enthusiastic 


: of h At T 


attendance ¥ 


ql. E. 
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Plating’’, bringing out in detail, the qualities of chromium plate, 
process and many practical applications. Following Mr, Harding’s 
-erv lively discussion ensued. 


y 


The February meeting of the Chicago Chapter was held at the City Club, 

ary 9, with a total attendance of approximately 250 members and guests. 

The program consisted of the showing of motion pictures, which gave a 

ry interesting detail of the manufacture of the new Ford, Model ‘‘A’’, 
tomobile. 

The speaker of the evening was John L. McCloud, metallurgist of the Ford 

tor Co., whose subject was ‘‘Steel for the Ford Industries; Its Selection 

nd Treatment’’. Mr. MeCloud gave a very detailed review upon the applica- 

tion of the various types of Ford standard steels used in the various Ford 

products. After the close of Mr. McCloud’s paper, a very interesting discus- 


sion followed, which was lively, and long, touching upon many phases of the 


The March meeting of the Chicago Chapter was held Tuesday evening, 
March 6th, at the City Club, the American Institute of Mining and Metallurgical 
Engineers, collaborating with the Chicago Chapter. The ‘‘Oriental Male 
Quartet’? entertained the 125 members and guests during dinner. 

"The speaker of the evening, Dr. Paul D. Merica, Director of Research, 

[International Nickel Company, presented a very interesting talk upon the sub- 
ect of ‘The Use of Alloys in Gray Iron’’. Dr. Merica described with the 
se of lantern slides how the effect of alloys, particularly nickel and chromium, 
ay be utilized in a practical manner by foundries in producing gray iron 

eastings of substantially improved properties, at a minimum cost. At the con- 
ision of Dr. Merica’s talk, a very interesting discussion followed. 

At this meeting the Chicago Chapter was honored by the presence of a 

mber of men who have contributed much to the success of the Society. 
They were: past presidents, F. P. Gilligan and J. Fletcher Harper; past 
lirectors, R. G. Guthrie, Hyman Bornstein and Samuel M. Havens. 
A. M. Steever. 
CINCINNATI CHAPTER 


The February meeting of the Cincinnati Chapter was held on February 
‘, 1928, at the Cincinnati Engineers’ Club. R. 8. Cochran of the Surface Com- 


istion Company was the speaker of the evening, his subject being, ‘‘The 
Gas Furnace as Applied to the Heat Treatment of Steel’’. Mr. Cochran dis- 
issed in a most interesting manner principles in the design of gas-fired fur- 
ices, and emphasized the ease with which close automatic temperature control, 
even furnace temperatures, and proper furnace atmosphere can be obtained 
with modern gas-fired equipment. 

k. O. MeDuffie of the University of Cincinnati spoke briefly on the sub- 
t of ‘‘Cementite,’’ this being the second of a series of ten minute talks on 
microconstituents of steel. 

The regular March meeting of the Cincinnati Chapter was held at the 

rs’ Club on March 1, 1928. For the educational feature of the meeting 


Y 
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Dr. George M. Enos of the University of Cincinnati gave a ten 
the subject of ‘‘ Pearlite’’ in which he emphasized the influen 
erties of steel of the different forms in which pearlite may o 

The main talk of the evening was given by Mr. John How 
Taylor Wharton Iron and Steel Company, his subject being 
Steel’’. 

Mr. Hall first reviewed the early history of the part played 
in the steel industry, beginning with Mushet’s work on the 
Bessemer steel with manganese, and describing the discovery 
manganese steel by Sir Robert Hadfield. He then discussed the s 
properties of this interesting alloy, pointing out both its uses an 

The talk was illustrated with numerous lantern slides and also 
picture, which showed a tractor equipped with manganese steel t 
successfully in some extremely rough country. 
























CLEVELAND CHAPTER 





The regular meeting of Cleveland Chapter American Societ 
Treating was held in the Cleveland Engineering rooms, Car 
February 17. This meeting will go down in the records as probably th 
popular session yet held. 


7S 


The speaker, Thomas Ferry, delivered a very practical talk 
manufacture of screws and bolts, outlining his experience fron 
ginning and carrying on through to present practice. The talk was sup, 
mented with movies taken about the plant showing various machines 
methods of production. 

The meeting was preceded in the afternoon by a visit to the plant 
The Ferry Cap & Set Screw Co. The extreme interest in this industry 
evidenced by the fact that nearly 150 members and guests availed t 
selves of the opportunity to inspect the plant. Mr. Ferry proved hims 
an excellent host, providing smokes and extending every courtes) 
visitors. 





























Just preceding the meeting dinner was served to about 150 members 
guests. This was followed by a short entertainment. 

About 200 members and guests were present to hear Mr. Ferry talk 
number of questions were discussed. 

The question box feature handled by C. G. Shontz created a lively dis 
sion. Send in your questions so they can be answered at the next meeting 


COLUMBUS CHAPTER 






The Columbus Chapter held its regular monthly meeting Tuesday evening 
January 17, 1928 at the Fort Hayes Hotel. The meeting was preceded by 
dinner which was very well attended by the members. The attendance at 
meeting was 142, which is very gratifying to the officers of this chapter. 

At 8 o’clock the speaker of the evening, Mr. Sandine of the Norton ' 
was introduced. He gave a few preliminary remarks about the motion pil! 
‘‘The Age of Speed’’, which was produced by the Norton Co. The film co! 
sisted of four reels of very interesting pictures depicting the man) 
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which grinding wheels are put. The picture shows the grinding of auto 

+e edge tools, farm implements and the grinding of pulp for newsprint, 
7 ne shows the manufacture of grinding wheels and abrasives. 

Wollowing the showing of the pictures a very lively discussion took place, 

\fy Sandine answering all the questions very satisfactorily. The meeting was 

xiseaal i with a rising vote of thanks to Mr. Sandine and the Norton Co. 


this very enjoyable evening. G. D. Moessner. 


DAYTON CHAPTER 


The regular February meeting of the Dayton Chapter was held jointly 
vith the Engineer’s Club of Dayton on Monday evening, February 20th. Three 
ndred members of these two technical organizations assembled to hear Dr. 
q. H. Lester, research physicist of the U. S. Army Ordnance Department, 
Watertown Arsenal, talk on ‘‘ X-ray Studies of Materials’’. 

Doctor Lester’s lecture was one of the most interesting that Dayton’s 
ngineers have had the opportunity of hearing. It was divided into two parts; 
n the X-ray for the detection of defects in metals, especially in steel castings, 
nd the use of the method of examination for the improvement of foundry 

hnique. This part of the lecture was illustrated by slides showing typical 
jaws. From these Doetor Lester outlined the method of diagnosing and trac- 
ng the cause of these defects. 

The second part was an elementary outline of crystallography of the 
timate structure of metals. Doctor Lester stressed the importance of this 
structural analysis and how it could be correlated with high power metallo- 
graphy in advancing our knowledge of engineering materials. He told his 
iudience that what we need is not more new steels and other engineering mate- 
aie thes ials, but a better knowledge of the ones we already use. One of the most im- 
a an portant things to be attained was to secure a correlation of properties and 
ae structure, in other words if possible we should be able to predict our properties 
— nd tie them up with the results of our X-ray and metallographic examination. 
a aa The discussion that followed the talk lasted until a late hour. 


F. z. Sisco, 


Was sup] 


achines 


ndustry 


DETROIT CHAPTER 


The regular monthly meeting of the Detroit Chapter was held at the 
‘eneral Motors Building, Detroit, Monday, February 20, 1928. Immediately 
‘ollowing the usual dinner, George V. Brown, president of the Wayne 
Vounty Medical Association, Detroit, gave a talk on ‘‘ Heredity’’, illustrated 
with slides. The meeting was officially called to order at 9:00 P. M. 
— The speaker of the evening was J. A. Succop, of the Heppenstall Forge 
Te and Knife Co., Pittsburgh, who spoke to us on ‘‘Die Blocks,’’ Mr. Succop 
Mies at tl nad five reels of motion pictures showing the activity of the Pittsburgh 
sauter, and Bridgeport plants and the Detroit warehouse of the company which he 
sien represents. The first three reels covered general activities and the last 
tees wieten were ‘The Story of a Die Block.’’ The showing of these films was 
The élm ae supplemented by Mr. Succop’s talk on the manufacture of miscellaneous 


forgings, shear 


sy shh uae knives and die blocks. These films and the explanations 


meeting 
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given, gave a very clear story of the manufacture of di 

Succop was given a rising vote of thanks. 
At this meeting, the following members were elected for | 

committee: H. M. Northrup, chairman, G. A. Webb, J. A. J nd : 


Tobin, and C. P. Richter. The meeting adjourned at 10:05 P 





GOLDEN GATE CHAPTER 


A special meeting was held at the Athens Athletic Club, « 
nesday, February 17, 1928. This meeting had been arranged 





































i 


man 8. Craig Alexander to substitute for the postponed Sta: 

The usual excellent dinner was served just prior to the m 
was called to order by vice-chairman Alexander at 8:00 P. M. 

Three movie films were offered for the first part of the e 
tainment. The first, ‘‘ Beyond the Microscope’’—an animated film, port; 
in a very striking manner the modern conception of matter. 

The second film, ‘‘The Moulders’’, was interesting and 
that it showed real production as carried out at one of the Ge: 
Co. foundries. 

The third, a two reel film, depicted the radio complete—fron 
station to loud speaker. 

It would be impossible in the space alloted to begin to describe t! 
genuity either of the brain that conceived, or the applied techniqu 
made possible the three above mentioned movies. 

The illustrated talk by E. E. Fess of the American Roliing Mi 
‘*High Chromium Ferrous Alloys’’ was, to say the least, interesting 
entertaining although perhaps to some of us, just a trifle high-brow 
better term might be ‘‘somewhat involved’’. 

The iron-chromium-carbon diagram as developed by Honda and his 
workers was made use of to simplify the diseussion. The micrographs 
dicating the different constituents at various temperature intervals 
considerable light on why these high chromium alloys are heat resisting 

It was interesting to note that during the transformation, in som 
stances gamma iron was entirely slighted, the transformation being 
alpha to delta direct. 

H. J. Barton, metallurgist of Earle M. Jorgensen Co., Los Angeles, n 
a few remarks relative to the ‘‘ Western Metal Congress’’ to be held 
Angeles, January 1929. Mr. Barton was enthusiastic. 

The Hartford two color identification tag method was used with efi 
it is thought. 

Thirty-three attended the dinner and approximately a dozen and a ha! 
more showed up for the meeting. S. R. Thurst 





S 


Golden Gate Chapter held its March meeting Wednesday, the lt! 
the Athens Athletic Club, Oakland. 

During the dinner which preceeded the meeting, the communicatio! 
the National Office regarding the new procedure for dues, and the exc 
method adopted by the National Directors for the replacement of 
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an annual handbook was read and discussed—not cussed—We ap- 


<¢ (raig Alexander presided at the meeting and introduced Professor G. E. 
reoxell of the University of California as the speaker. Professor Troxell had 





nosen for his subject ‘‘The Physical Properties of Steel, their significance 
| their relations. 

The Professor discussed at some length the stress-strain diagram in 
topsion and compression. He pointed out by aid of a blackboard and slides 
ow such values as proportional and elastic limits, yield point, ultimate 
strength, reduction of area and elongation are obtained, and how their values 
re affected .and altered by the chemical analysis, heat treatment and cold 
work. The Professor also showed why, at times, it becomes necessary to 































sacrifice one or more of these properties in order to enhance other values the 
better to enable the member to withstand the particular stresses to which it 
may be subjected. 

The method of making and the value of the Charpy and Izod impact tests 

re also explained and commented upon in some detail, showing how the 
residual foot pounds gave an indication of impact resistance of the specimen. 

The rotating beam and other forms of fatigue testing were made quite 

ar by aid of slides, which brought out the fact that if the load was suffi- 
iently reduced the cycles could be continued up to several million or even 
llions indicating an indefinite working life of the material under test. How- 
er, by increasing the load the metal would fail with a relatively few num- 
ber of cycles. 

The methods of hardness testing and the Rockwell, Brinell and selero- 
scope numbers were explained. 

To both Prof. Troxell and Ivan Johnson, factory manager and metal- 
lurgist of the Best Steel Casting Company, who arranged the meeting, the 
Chapter is duly grateful for an instructive and enjoyable evening. 

Thirty-four (34) attended the dinner and a dozen or so more the meet 
ng. S. R. Thurston. 
HARTFORD CHAPTER 





Hartford Chapter held its annual Question Night at its regular meeting 
on February 14, which was held at the Hartford Electric Light Club Audito- 
rium at 266 Pearl Street, Hartford, Conn. 

Questions had been sent to the secretary during the month of January 
and these were published in advance of the meeting. The range of subjects 
covered results of noise tests of finished ground gears and the effect that 
heat treatment had in producing different sounds. Another subject was the 
necessity of double quenching chromium ball steel to obtain the best re- 
sults. The explanation of internal strains which caused change in shape in 
finished ground work was requested. These subjects created a considerable 
amount of discussion and many of the hundred members and guests who 
attended, participated actively in the talks throughout the evening. While 
some answers were given which offered some explanation of the various con- 
‘ions affecting some of these questions, there seems to be difficulty in ob- 
taining very specifie answers to questions which are presented at a meeting 
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of this kind. As a rule, the type of question is pretty deep a 
conditions are not fully explained, there is always some import 
the question which is omitted. 

Another difficulty arising on Question Night is that peopl: 
questions do not attend the meeting or, if they are at the m 
unwillingness to rise and offer further information or state whet 
tion is satisfactorily answered. 

Preceeding the question, W. E. Steinreich, metallurgist of the \ 
Plant of the New Departure Manufacturing Company, gave a pra 
on the subject of a ‘‘ Method of Preventing Scaling while Harde: 
Tool Steel Components.’’ Mr. Steinreich explained that he had 
boric acid successfully to prevent scaling. There was some talk 
line from other members who have been using this same metho: 
talk was one of the best practical talks that the chapter has had 

There were five or six members attending the meeting who la 
ning to take a later train to attend the Semi-Annual National Societ Mi 
ing in Montreal. 

A plea for more permanent members was made by the writ 
absence of the Chairman of the Membership Committee. R. St 





INDIANAPOLIS CHAPTER 
February 13, 1928, W. H. Wills, Metallurgist, for the Atlas Steel « 
Dunkirk, N. Y., addressed our chapter on, ‘‘ Nature and Uses of the Prineipa 

















Types of Tool Steels.’’ Mr. Wills covered this subject very thoroughly, shovy 
ing slides of structures and tools covering the five principal groups of t 
steels. 

We had discussion of the subject lead by Professor John Keller of Purd 


University and E. J. P. Fisher, metallurgist, Diamond Chain & Mfg. | 
and many interesting points were brought out in this discussion. 

At this meeting Mr. Fisher informed us of a course in metallurgy that | 
was willing to present to anyone desiring to take advantage of it, and twent 
enrolled for the course, which covers ten lessons. 

In addition to local members present we had eight out of town guests, 
total of attendance of ninety-six. 

The Indianapolis Chapter has placed in operation a short course of stud) 
in the metallography of steel which will be given in ten weekly lectures, t 
first of which was attended by 55 members and non members of the Society 
on Wednesday evening, February 29, at the Indianapolis Chamber of Com- 
merce. 

This course covers the application of the science of metallography to th 
mechanical and thermal treatment of iron and steel. The metallograph) 
steel will be presented by the instructor from the theoretical, engineering and 
production angles. The course is designed to inculeate in the minds of tl 
students the basic laws of metallography in such a manner that they may | 
used by the students in the solution of problems arising in their special fields 
of steel treatment and fabrication. 

This course will not include the study of the metallurgy of steel manu 
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re, excepting those points which have a direct bearing on the physical 

nieal properties of steel in the process of fabrication. 
The first hour of each weekly meeting will be devoted to a lecture, while 
ly following the lecture hour, the meeting will be open to questions 


mime qaiate 





9 geoo discussion, followed by a review of the subject matter of the previous 






meetings 

\}] students will receive a complete set of printed lecture notes and a set 
f 48 representative photomicrographs of steel structures, thus facilitating 
she Jecture work and enabling the students to review the lecture subject matter 
t home. 

The instruetor for the course is Edward J. P. Fisher, graduate of the 
Woreester Polytechnic Institute and post graduate student in metallurgy and 
metallography at the Columbia University School of Mines. Mr. Fisher has 
heen active treasurer of the Indianapolis Chapter, and is at present engaged 
s research metallurgist with the Diamond Chain & Manufacturing Company. 
Harry J. Green, chemist of the Diamond Chain & Manufacturing Company 
ind also a member of the Society, and Miss Galey of the engineering depart- 


ment of the same company, are co-operating with Mr. Fisher in the prepara- 





on of the material for the lecture notes and photomicrographs. 


LEHIGH VALLEY CHAPTER 







A very successful meeting of the Lehigh Valley Chapter was held in 
Reading, Thursday, Feb. 23, 1928, at the American Legion Hall and took 
the general form of a smoker. A buffet luncheon was served at 6:30 P. M., 
followed by a general get-together of members and guests. The technical 
part of the meeting opened at 7:30 o’clock, with four speakers on the 
program. The topics were diversified so as to stimulate general interest in 















meeting. 

F. C. Daniels of the Bethlehem Steel Co. spoke first on ‘‘The Manufac- 
ture and Application of Iron and Steel Castings’’. This talk was followed 

a very interesting paper by B. F. Shepherd of the Ingersoll-Rand Co. 

‘‘Some of the Phenomena Encountered in the Case-Hardening Process’’ 
Fr. R. Palmer of the Carpenter Steel Co. gave a very instructive talk on 
‘The Quenching of Tool Steel’’. He was followed by Prof. Wm. 8. Lohr 
of Lafayette College who had as his topic ‘‘ Fundamentals of Engineering 
Test Materials’’, 

A lively discussion led by Chairman L. J. McGregor followed each talk. 
e meeting closed with an explanation by Mr. McGregor of the character 
| purposes of the Society and an invitation to non-members present to 
enter the fold. 


I"} 


The meeting was attended by 125 members and guests representing a 
rge area of Eastern Pennsylvania, including Phillipsburg, Easton, Bethle- 
em, Allentown, Harrisburg, Lebanon, Birdsboro and Philadelphia. In view 

the success of this meeting, it was decided in the future to hold one 
eeting a year in Reading. Arrangements for this meeting were under the 
rection of F. R. Palmer. 
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] 








G. V. Luerssen. 
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LOS ANGELES CHAPTER 


The February meeting of Los Angeles Chapter was held T! 
ing, February 9, in the banquet room of the Los Angeles Creamer 
P. M. There was a very excellent number of members and fr 
meeting. 

The first thing to take ihe attention of the crowd was 
The dinner was enjoyed by everyone, especially did Jim Kna 
Cooke enjoy it. 





The speaker of the evening was our own good member W. 
of E. F. Houghton Co. Bill had for his paper ‘‘Salts’’. The tal 
primarily to explain the various types of salts used in connection wit} 
hardening and drawing of steel. However some information was ¢ 
common table salts, smelling salts, bath salts, quenching salts and t] 
known Epsom salts. 

Comparisons were drawn between the various heating salts an 
Some information was given regarding melting temperatures of t 
common salts and some of the difficulties encountered in the manufacty; 
salts, such as overcoming impurities and moisture conditions. Th 
ferences between neutral salts, that is, salts that will not carbw 
carburize, salts that contain percentages of cyanide for producing 
hardness; salts which give slight decarburization, and various uses of 
different grades of salts for hardening and drawing were explained by 
ing illustrations of actual installations. 

It was brought out that cracking and warping were materially reduc 
by the use of salts, where these troubles are caused by ununiform heati: 

There was a long and interesting discussion following Bill’s paper. \\ 
all enjoyed it very much, and Bill gave us much valuable information. 


Following Bill’s paper and the interesting discussion, Joe Cook 
Columbia Steel Corporation gave some interesting facts about their mills, 
and answered many questions on their practices at the Torrance Plant. \W\ 
are always glad to have Joe speak for he always gives us so much informa 
tion. H. V. Ruth 






The March meeting of Los Angeles Chapter was a red letter event! The 
meeting was held at the usual place, the banquet room, at Twelfth and Town 


Streets, Los Angeles. Dinner was served at 6:30 p.m. There were about one 
hundred and twenty-five members and guests present at dinner. 
Through the kindness of Denman & Grier Steel Company we had some ex 


cellent entertainment during the dinner hour. 

Following the dinner hour the several committee chairmen reported on 
the activities of their respective committees. Everyone was very pleased wit! 
the reports of the men working on the coming convention. It was thrilling to 
learn how swiftly and thoroughly these men are planning and working. 

The speaker of the evening was Dr. N. B. Hoffman, metallurgist for 
Colonial Steel Company of Pittsburgh. Dr. Hoffman gave an illustrated paper 
on ‘‘A Discussion of the General Metallurgical Terms as Applied to both Car 
bon and Alloy Steels.’? Dr. Hoffman’s paper was very instructive and enter 
taining, and was thoroughly enjoyed. 


+} 
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‘iseussion that followed the paper was fast and furious. Questions 
Dr. Hoffman in rapid fire order, and he replied in like manner. 
rs derived a lot of good from these discussions. 
vithstanding the fact that we moved this meeting up one evening to 
nfliet with another technical meeting in the city, it was probably 
best meeting we ever had in the Los Angeles Chapter. There were several 
erships placed in the hands of the secretary, and they should move 
(ngeles Chapter far up towards the top of group two. 
rhe nominating committee was appointed by our chairman, with in- 
to report at the April meeting. H. V. Ruth. 


NEW HAVEN CHAPTER 


The February meeting of the New Haven Chapter started off as usual 
dinner at the Hotel Bishop as we always believe in having the inner 

: happy and contented before starting the meeting. 
The speaker of the evening was Stanley P. Rockwell of the Stanley P. 
kwell Co., Hartford, Conn. who gave a very interesting talk on Dimensional 
nges in Heat Treatment of Steel. The first part of the talk was illustrated 
antern slides while the second part was nicely told by moving pictures. 
third part of the lecture was devoted to an acutal demonstration of a 
‘ockwell Dilatometer. The discussion following the lecture was very good 
m the expression of opinion of several present, the writer would say 
s one of the most interesting evenings the New Haven Chapter has ever 
Again my hat is off to the chairman of the program committee for his 

lent work. 

The attendance prizes donated by W. Paul Eddy, Jr., of 
| Co. and Russell 8. Young of the O. K 
tifieates for gent’s furnishings but as 


, the Geometric 
. Tool Co. were merchandise buying 
the first prize was won by Miss 
\lice Halpin of the Seymour Mfg. Co., the chairman immediately had one of 
a Connecticut. You know the New Haven Chapter had the distinction of having 
V. Ruth the first lady member of the American Society for Steel Treating and although 
» have lost our original representative, we still have the fair sex represented 
ind Town in the Chapter. The other attendance prize was won by Mr. Zeigler of the 
about one William Schollhorn Co. Again it pays to be among those present. 


The attendance was not as good as usual but what was lacked in numbers 
d some ex as made up in quality. 


certificates changed for the benefit of our fair representative from Seymour, 


' mT} 
ent lhe 


Now that spring is approaching, the writer hopes 
ittendance will greatly increase. Walter G. Aurand. 
‘ported 


ae NEW YORK CHAPTER 


hrilling to 


Despite a high wind and a drenching downpour, 
Pah, X 
ing. e Ne 


200 members and guests 
w York Chapter attended the meeting held in the Auditorium of the 


Telephone Laboratories, on February 14, 1928. The speaker of the even- 
ated paper g was Kk. W. King, editor of the Bell Technical Journal; his subject was 
both Car- ‘Research and Development Activities of the Bell Telephone Laboratories. ’’ 
and enter- Atter the address the group adjourned to the laboratory, of which F. F. 

is In charge. Here we were given an opportunity to see the complete 


ist for th 


is 
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standpoint. 














meeting. 








equipment in operation. 
dark room open for inspection. 
strate apparatus and answer questions. 
a great tribute to the high regard we all hold for Mr. Lucas. 


of different types of notches. 


none too large in which to carry away the spoils. 


of the entire audience for over an hour. 
that he had made his subject very understandable. 


It was apparently well received. 
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The ultra-violet ray machine was on 


As a diversion from the usual chapter meeting there wer 
technical papers, the meeting being devoted to a good time. 


PHILADELPHIA CHAPTER 


The 


For those outside of our city, who may be nearby or her 


A. 


S. &. T. 






A corps of assistants were on | 
We consider that th 


The March meeting of the New York Chapter of the An 
for Steel Treating was a meeting extraordinary, being held M. 
March 12, in the Ball Room of the Hotel McAlpin. 

The festivities started at 6:30 p. m. with a splendid chicken 
8:00 p. m., the dinner having been finished, the stage was ar 
big show was on. Boxing bouts, vaudeville acts, and stunts | 
the chapter made the evening a gala affair. 


As usual the master of ceremonies was our able entertainer, §). P 
Many souvenirs presented by sustaining members were in 
tables, and the large envelope which had been provided by th 


The lantern slides 


discussion served 


I, 


and 


Moc 
fs 


The Philadelphia Chapter held a well attended meeting on February 
at the Engineers’ Club, the speakers of the evening being Prof. H 
of the University of Illinois, W. H. Eisenman, National Secretary, 
F’. Green, of the John Illingworth Steel Co. 

Prof. Moore’s paper was entitled ‘‘ Fatigue Testing’’ 
consisted of a reel of motion pictures and a number of lantern slides 
subjects treated deait with the mechanism of fatigue failure, a short 
cussion of apparatus used for making fatigue tests, and the relatiy 


His illustrat 
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merit 


we 
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The Philadelphia Chapter has been making some very splendid 
in its membership campaign and introduced eighteen new mem): 


1S 


The motion pictures were of great int 
inasmuch as they had been made through a miscroscope and showed 
actual course of rupture during a fatigue test. 
microscopic nature and photographs all illustrative of the trend of the pap 

Prof. Moore’s personality coupled with a great appreciation 
made the presentation of his paper so interesting that he held the at 


PY 


S a 


ty 


rn 


Mr. Eisenman was received with great applause and in his inimita 
way discussed some points of the Montreal meeting and also told som 
the plans for the Western Metals Exposition to be held in Los Ang 
during the early part of 1929. 

The paper by A. W. F. Green, entitled ‘‘The Age of Tool Steel”’ 
a practical discussion concerning the choice of tool steel from the co! 
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extend a cordial invitation to visit with us the blast furnace 


Delaware Iron Co. and the A. H. Wirz Co. Inec., manufacturers of 





neible tubes, both loeated in Chester, Pa. A. W. F. Green. 


PITTSBURGH CHAPTER 





ebruary meeting of the Pittsburgh Chapter was held on the evening 
he Ond in the U. S. Bureau of Mines Building. 

There were quite a few new faces at the dinner which was served in the 
toria at 6:30. These dinners afford many members the pleasure of new 
aintanees with mutual interests. 

Motion pictures depicting oil operations in Poland, Greece and Egypt 


| including many historie and seenie views, were shown in the auditorium 








“2() 





\¢ §:00 o’elock, Chairman J. P. Gill called the meeting to order and, 













‘tor the usual short business session, introduced the speaker of the evening, 
Dr. C. H. Herty, Jr., supervising metallurgist of the metallurgical section of 
U. S. Bureau of Mines. 
Dr. Herty spoke on the subject, ‘‘Open-Hearth Slags’’, and gave a most 
resting history of the action and condition of the slag from the begin 
¢ to the end of a heat. With the aid of charts and photomicrographs, he 
nted out the dangers that might be encountered and the corrective meas 
es to be taken. 
\n unusually large turn out was very appreciative of Dr. Herty’s talk, 
h invoked many questions during the general discussion which followed. 


Harry A. Neeb Jr. 


The Pittsburgh Chapter held its March meeting on the evening of the 








st at the U. S. Bureau of Mines. The dinner served in the cafeteria pre 






eding the meeting was well attended by members and guests. 
Beginning at 7:30 p. m. two Bureau of Mines motion pictures were shown 
the auditorium; one showing ‘‘ Explosives and Their Testing’’ and the 
ther demonstrating ‘‘ First Aid Methods in the Coal Mining Industry’’. 
After the motion pictures, Chairman J. P. Gill called the meeting to order 







ud eondueted the Chapter’s business session. 
This being consummated, the Chairman introduced Mr. Finkl, Metallurgical 
“ngineer of A, Finkl & Son, Chicago, makers of die blocks, as the speaker of 


the evening, 







Mr. Finkl’s subject was ‘‘Use and Manufacture of Alloy Steel Die 
blocks,’’ and he gave a most interesting outline of the development of the 
‘oy steel die block and the difficulties encountered in its progress. 










With the aid of several reels of motion pictures taken at the plant of A. 
‘inkl & Son, he, then, showed the manufacture of die blocks from ingots 
ud blooms to the finished product, including their heat treatment. 
At the conclusion of the pictures, a general discussion was entered into 
‘rom its length and varied character of questions asked, showed how 
‘'y and with what interest the members and guests had followed and ap- 


reclated Mr, Finkl’s talk. Harry A. Neeb, Jr. 
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ROCHESTER CHAPTER 

The regular meeting of the Rochester Chapter was h 
Osburn on February 13th. This was preceded by the usual 
with forty-one members and guests present. At 7:30 p. m 
called to order and the speaker, T. Y. Olsen, was introduce 
subject was ‘‘ Testing’’ 





Mr. Olsen discussed the many phases of testing materials a 
tests as usually applied in commercial testing. He likewise 4 
various testing machines and their application in determining 
properties of metals in which engineers are vitally interested. 

Numerous slides were shown of the many different kinds 
machines in use. Following an interesting discussion, the speake) 
a rising vote of thanks. H. J 

SYRACUSE CHAPTER 

The regular monthly meeting of the Syracuse Chapter was 
January 10, with Thomas H. Wickenden, as the speaker of the evening, } 
Wickenden, connected with the Development and Research Department 
the International Nickel Co., is widely known in the automotive and 
steel businesses for his papers and research on nickel steels. 






































The speaker read his paper ‘‘Automobile Design and A 
Steels’’, illustrating many of his points with diagrams, tabulations 
curves. He first justified the use of alloy steel for automotive parts and t! 


described the design of some of these parts pointing out the pitfalls 
countered by the designing engineer and some of the general pre 
necessary to insure a decent safety factor in the designed parts. 

‘*By keeping the physical properties of the steel in a part in pr 
coordination with the fatigue limit, safety and economy may be simult 
ously affected. The automobile steering knuckle is a striking exampl 
vital automotive part subject to severe stresses of complicated nature. 
part at one time designed with a 25 to 40 per cent factor of safety w 
statié loading, is now built much stronger to take care of the additional 
long ignored dynamic loading. In the same way the rest of the automobil 
running gear has been revamped and alloy steels have had a great hand | 
keeping down excessive weight in these parts.’’ 

Mr. Wickenden next took up the subject of gears. In his opinion a 
steel gears are surely a distinct advantage in automotive work. It develo; 
that the main question was one of oil hardened versus case hardened g 
While the oil hardened gear possessed a higher tooth strength, it was su! 
ject to pitting and had a lower resistance to wear than the case hard 
gear. The latter with its lower machining cost, counterbalanced wit! 
increased cost of heat treatment owes its greater wear resistance, no doubl 
to the high carbon content of the wearing surface, namely around 0. 
cent carbon. The speaker knew of one popular car whose design em! lied 
oil hardening gears. After ten thousand miles of service, these gears wel 
badly pitted. A change to case hardened gears cured the trouble. In closing 
Mr. Wickenden recommended for automotive design in general , 5 . 
3135 for forgings, 3215 for case hardened gears and 2345 for oil hard 
gears. 
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bruary meeting was held on Wednesday, February 8, in the 
¢ Commerce rooms. The speaker for the evening was E. L. Shaner, 
Iron Trade Review, Cleveland. In presenting his subject, the 
.d his paper ‘‘The Status of the Steel Industry’’ and displayed 
ribed in detail a curve of vital significance in steel production. 

; curve being a composite of pig iron tonnage, coke production, steel 
production, ear loadings and a few others, was represented as a true 
of the activity in the steel business. The curve shows an extreme 

in 1921 due to post war deflation. At this time Herbert Hoover, 

ven then had achieved some fame as an organizer and economist in 
_ first promulgated his Theory of Economic Recovery. Speculation, 
nagement, failure of supplies, poor deliveries, non-dependable sta 
s. waste of time and materials, and poor transportation facilities all 
responsible, in some measure, for the depression in 1920-1921. Hoover 
ed that under these conditions American industry was scarcely 60 per 
ient. He preached a doctrine of synchronizing efforts to relieve 

S. Peskowitz. 


SPRINGFIELD CHAPTER 


Sam Tour, the well known authority on salt baths, gave a talk on this 
t at the monthly meeting held by the Springfield Chapter, February 


All angles connected with the use of salt baths were thoroughly dis- 
uses, compositions, precautions to be observed and manner of 


Low melting points required in salt baths are obtained by a mixture of 

more salts and can be bought already fused or mixed by the user 

example of a ‘so preferred. The fused salts are worth the higher price in that a certain 

liens, This S loss takes place on fusing and if anything obvious is wrong with the salts 

safety und t probably will be detected at this point. Watch out for impurities such as 

Additional but sulphur, as pitting and chemical attack of work and pots will occur from 

1e automobile the use of an inferior, impure article. It is much cheaper in the end to buy 
vreat hand i the best technical grade. 

The question of furnace design is a major factor in securing the best 
opinion alloy sults from salt baths. Certainly a bath will not operate efficiently with 
It developed ners playing directly on the bottom of the pot causing local overheat- 
rdened gears g; increased sludge in the bottom, reduced conduction of heat and various 

liabilities. Is the furnace correctly designed to obtain the maximum 
results from convection currents? Is it vented properly? 
These are only a few of the many opportune questions Mr. Tour dis 
during the evening; it would be impossible to enumerate here all 
ound 0.90 per ‘he valuable faets he imparted to his audience throughout his talk. 
After considerable discussion, the meeting closed with a plea by the 
nan, Mr. Juppenlatz, for inereased membership. T. P. Jones. 
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‘Srd regular monthly meeting of the St. Louis Chapter of the 
Society for Steel Treating was held Thursday afternoon and 
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evening February 16, 1928, at the Administration Building 
wealth Steel Co., Granite City, Il. 
visitation and inspection trip through the courtesy of the | 


Steel Co. 


The meeting was preced 


The members and guests, numbering some 200, which by +} 
R 


ing up the record attendance of this chapter, enjoyed the wo 


ence of seeing large locomotive cylinder borers, millers and 


descriptions and also witnessed the machining of difficult casting 


more than 40,000 pounds each. Some of the machines seen in . 


beds 100 feet long and 11 feet between housings. 


The Commo 


Foundry is the largest foundry of its kind in the world. 
The speaker of the evening, W. H. Wills, metallurgist 

Crucible Steel Co., Dunkirk, N. Y., was introduced. 

cellent talk, illustrated with lantern slides, on the subject of th 


Mr. Wills 


and Application of Principal Types of Tool Steel in use by th 


Today.’’ 


An interesting discussion followed on both tool steel a: 


All in all, summing up the whole, the meeting was a wonderful su 


meeting was closed with a rising vote of thanks to the Commonwealth § 
Co. for allowing us to visit their plant and to the Atlas Crucible St, 
and Mr. Wills for the splendid talk before the Chapter. 














The regular monthly meeting of the St. Louis Chapter was hy 


day evening, March 14, 1928, at the American Annex Hotel. 


preceded by the usual excellent dinner with an attendance that was 


gratifying. 


After the dinner and a short business session the chairma 


D. Thompson, introduced Dr. Edgar J. Swift, author of ‘‘ How 
Men’’, and ‘‘' Psychology and the Day’s Work’’, who gave an illuminating t 
on human nature which blended in very nicely with the psychology of 


and metals and also blended with the talk which was given later by th 
cipal speaker. Some of the points brought out of the gullibility of th: 
race brought forth many a chuckle from the audience. 


The principal speaker of the evening, Jordan Korp, of th 
Northrup Company, gave an excellent talk illustrated with lantern slides and 
drawings, the subject being ‘‘ Tool Design and Heat Treatment i 


to Production. ’’ 


He dwelled principally on the hurry up methods in the harder 


ing room of today, the first being the length of time in the heating of st 
second the rate of heating and the third the necessity of a known temperatu! 


of the quench. Mr. Korp contended that there is more steel and fine tools ! 


by improper heating and quenching than there is in any other o 


meeting was adjourned at 11:15 p. m. with a rising vote of thanks to 1 
Edgar J. Swift for his excellent talk and to Mr. Jordan Korp and his Compa! 
for their courtesy of appearing before our chapter. 


There is no doubt tha 


who missed this meeting missed a treat, but if any more members and gues 


had been present we would have had to hire another hall. 


prizes were awarded; the first prize was won by Leo Schildknecht, 


have no use for it until Thanksgiving; the second prize was wor 


Warner and the third prize was won by Hugh Waltrip. 
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NEWS OF THE CHAPTERS 


TRI-CITY CHAPTER 


The regular monthly meeting of the Tri-City Chapter of the American 
coeiety for Steel Treating, was held at the Peoples Power Company’s 
\uditorium on Thursday evening, January 26, 1928. 

\fter a short business session the Chairman, E. H. Sohner, introduced 
the speaker of the evening, Robert G. Guthrie, metallurgist for the Peo- 
sles Gas, Light and Coke Company, of Chicago, Illinois. Mr. Guthrie’s talk 
was on the subject of ‘‘Carburizing with City Gas’’. The theory of the 
process along with operating details were brought out in the talk. Likewise 
the great future possibilities of the process were brought out. This con- 
iusion was arrived at because of the low costs of the process as compared 
to the ‘‘paek’’ method of carburizing. The quality of the product is in- 
reased, as is the uniformity of the case produced. 

Considerable discussion followed the talk—Mr. Guthrie answering all 
wuestions very satisfactorily. 

The meeting adjourned with a rising vote of thanks to the speaker. 

George A. Uhlmeyer. 


—-, 


ittended the dinner and talk by Dr. V. O. Homerberg of the Massachusetts 
institute of Technology. Dr. Homerberg explained the development of nitrided 
steels in Germany and more recently in the United States. He also explained 
the theory of the new process, along with the equipment necessary to treat 
the steel. He pointed out that the physical properties of nitrided steel were 
much better than of the ordinary carburized steel, principally in the fact that 


Thirty-five members of the Tri-City Chapter on February 22, 1928, 


is intensely hard and for that reason resists wear to a very remarkable 
legree, 

Although this process is more or less in the development stage, any- 
one hearing the talk would very readily appreciate the enormous possi- 
bilities of the new process. It is possible that in the course of time it 
may almost entirely supplant the process of carburizing as we know it today. 


George 


WASHINGTON-BALTIMORE CHAPTER 


A, Uhlmeyer. 





Rk. 8. Archer spoke on ‘‘ Aluminum Alloys’’ at the January meeting, which 
was held in the Interior Department Auditorium on Wednesday, January 18. 
He gave a very interesting account of the discovery and development of alu- 
minum, emphasizing the fact that aluminum is a comparative newcomer among 
the metals, its entire commercial and industrial history being a matter of 
only one generation. Mr, Archer then compared the properties of the various 
‘opper, zine, and silicon alloys of aluminum which have been developed to 
meet the demands for eastings of high strength and toughness. In these re- 
spects heat treated duralumin castings are better than the aluminum-zinc-iron, 
or the aluminum-silieon alloys. Wrought and heat treated duralumin (copper 
+ per cent; magnesium % per cent; manganese 14 per cent has a tensile 
strength of 55,000 to 65,000 pounds per square inch and a reduction of area 
T 18 per cent, but the ingots are difficult to work. Alloys 25S (copper 3.9 to 

per cent; manganese 0.5 to 1.1 per cent; silicon 0.5 to 1.1 per cent) and 518 
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(magnesium 0.45 to 0.8 per cent; silicon 0.6 to 1.2 per 
properties but are easier to work. 


Cel 


At present the greatest development is taking place in t! 
manufacture of the aluminum alloys along the lines of aut 
trolled heat treatment and the technique of handling molten 
quantities. Complicated castings are being made without war) 
ing in sizes up to 9,000 pounds. 

Mr. Archer gave a very striking lecture table demonstratio: 
superiority which duralumin, because of its lightness, has over st 
to the stiffness of structures built from these metals. Stiffness 
section modulus and the elastic modulus of the material. The 
of steel is 30,000,000 and that of aluminum is 10,000,000, so t1 
to elastic modulus, steel has a 3 to 1 advantage over duralumi: 
duralumin is approximately one-third as heavy as steel so that 
weight a duralumin member would have a cross-section three 
thickness, this gives an equal weight duralumin section an adv: 
to 1 in stiffness, as regards section modulus. If duralumin wer 
third as heavy as steel the stiffness of an equal weight section otf 
would be nine times that of steel but as duralumin is somewhat 
one-third as heavy as steel the ratio is 7 to 1. It is this fact 
duralumin indispensable in airship construction. 


as steel. Since the stiffness of a section is proportional to tl 


On February 17, 1928, the Washington-Baltimore Chapte: 
interesting colloquia on the hot and cold working of steel, ably 
Armour of the Union Drawn Steel Co., and J. E. Malloy of 
Tube and Stamping Co. 


Mr. Armour first briefly reviewed the rapid development of 
ing bar industry stating that it is today the largest consumer 
bars, which has been due particularly to the demand of the auto 
writer, cash register, and other industries which use automatic mac] 
the rapid duplication of parts for which cold drawn steel is particul: 
because of its easy machinability. 

Cold drawn steel is now classified in a few well known groups deseript 
of type and process in particular ‘‘cold rolled’’, ‘‘eold drawn’’, ‘‘ turned and 
polished’’, ‘‘special finish’’ (including ground finish and piston rod finis 
‘‘shafting’’, ‘‘cold upsetting stock’’ and ‘‘special shapes’’. The 
rolled’’ process has largely been replaced by the ‘‘cold drawn’’ process | 
cause of the better quality and more uniform product obtained 

Details of the processes of production and resultant properti 
given, including micrographs of good and poor machining structures 

The numerous types and kinds of ‘‘special shapes’? illustrated and 
scribed were of particular interest and emphasized the economies to be gain 
in reduced machining costs and materials by their use. 

Mr. Malloy discussed the hot and cold rolling of steel, par' 
steel, the greatest production of which is made from 8. A. E. 10-0 typ 
and widely used for drawn or stamped products. A considerable q antity, 4 
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, 


ther types are used, particularly 8S. A. E. 1055, for motorcycle and 
ain and 8S. A. E. 1090 for springs, knives, ice skate runners and 










roducts. 
\ brief review of the open-hearth and pouring practice was given in which 
eourees of difficulty in subsequent rolling operations were brought out, partie- 
y. the necessity for correct temperature of pouring and the prevention 
splashing in the molds. 
A and broad discussion followed the talks. J. R. Freeman. 









NOTES FROM THE U. 8. BUREAU OF MINES 


MAKING CAST TRON IN THE ELECTRIC FURNACE 





LTHOUGH the cupola is the cheapest melting device for the production 
of molten iron under normal market conditions for pig iron, coke and 
cast iron scrap, there are conditions under which expense of melting is 

t the major factor, so that certain other advantages possessed by the electric 

rnace sometimes make it more desirable, says the United States Bureau of 






Mines, Department of Commerce. A comprehensive investigation of the mak 
ng of electriec-furnace cast iron has been completed by the bureau at its North- 
vest Experiment Station, Seattle, Washington, in co-operation with the College 

Mines of the University of Washington. The investigation involved a year’s 








essful operation of a jobbing foundry making miscellaneous gray iron 
stings from steel scrap. 

Under the special conditions that make the electric furnace advantageous, 
s type of furnace need not necessarily displace the cupola, but can be used 
onjunction with it. The ability of the electric furnace, and not of the 






ipola, to refine and to superheat iron and the superiority in many ways of 
trie furnace iron to cupola iron make the electric furnace advantageous 
nder special conditions. In addition, the possibility of producing electric 





rnace cast iron from cheap grades of ferrous scrap has brought the electric 
nace into prominence. 









Electric furnace cast iron is stronger, tougher, and more dense than 
pola iron, and a higher recovery of metal in casting can be obtained as a 
result of the higher pouring temperature, state C. E. Williams and ©. E. Sims, 
Technical Paper 418, just issued by the Bureau of Mines. Cast iron scrap 


high sulphur content can be converted into high grade cast iron, low in 
sulph 


ur, either by melting directly in the electric furnace or by refining molten 
al from the cupola, Large additions of steel scrap may be used if desir- 


} ; 
or st 


teel scrap can be used entirely and synthetic cast iron made. Some 
of the advantages of the production of synthetic cast iron are outlined below. 

Une electric furnace can be used to produce both iron and steel and can 
thereby be kept in operation during periods when it might otherwise be idle. 
operating an electric furnace continuously labor is kept usefully employed, 
the furnace is conserved, life of the refractories is extended, over- 
irges are reduced, and a high load factor on the power lines is main- 
Therefore, even under conditions where production of synthetie iron 
‘f itself be economical, it might be profitable in conjunction with 
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the making of steel, because of the possibility of reducing the cost 0; produe. 
ing steel. 

A large variety of steel and iron scrap can be used to n 
product, and many different products can be made from the ga) 
As a rule, scrap is purchased locally, and the foundryman ean | 
what is at hand without shopping around for special materials. 


the same 
materials, 
ly and use 


ihe produe- 
tion of synthetic iron in a steel foundry simplifies the purchase of steel me] 


ting 
scrap. For instance, the making of acid steel requires: selected sera 


p for which 


a higher price must be paid than for general scrap; but if, in addition to steg) 
synthetic iron is made, miscellaneous steel scrap may be purchased at 


& Mini- 
mum price and the foundryman can do his own sorting, using the |} 


est scrap 
for aeid steel. 


Synthetic iron may be tested and adjusted for composition and temperature 
before it is poured, thus assuring castings of the desired composition. Moreover, 
if the pouring crew is not ready, the metal can be kept hot as long as neces. 
sary, Whereas metal must be taken from the cupola when enough hag beep 
melted to pour. 

In the electrie furnace a superior iron, having about twice the strength 
of ordinary cupola iron, can be made. Transverse strengths of 5000 to 6000 
pounds on standard bars of synthetic gray iron have been repeatedly obtained, 
and tensile strengths above 40,000 pounds per square inch are common. One of 
the outstanding characteristics of electric furnace gray iron is its resistance to 
impact or shock. These advantages in strength and toughness are due largely to 
the physical structure of the iron, which is fine-grained and dense. The 
graphite exists in such small flakes that a piece of synthetic iron of the same 
graphitic carbon content as a piece of cupola iron will appear to contain less 
graphite. Although it looks whiter and harder than cupola iron, synthetic iron 
is soft and easily machined. A coarse-grained synthetic iron can be obtained 
only when the carbon and the silicon contents are exceptionally high. Ordinary 
synthetic iron is at least equivalent in strength to the so-called high-test irons 
and semi-steels of the cupola. 

Virtually any kind of ferrous scrap can be used in the electric furnace, 
thus providing a means for industrial plants to utilize the scrap they produce 
instead of shipping it away at an economic loss. Besides steel scrap, which 
may be carburized to gray iron, gray iron borings and light scrap may be 
used profitably. 

The production of synthetic cast iron in the electric furnace is advanta- 
geous in such places as large nonferrous smelters and mills, where pig iron 
is expensive and ferrous scrap is usually available. Many ore concentration 
plants consume a large tonnage of steel and iron balls and ball mill liners for 
fine grinding, and satisfactory white cast iron for these purposes could be made 
economically at the plant. 

A tough and hard white iron, such as may be produced in the electric 
furnace from steel scrap, will find useful application where resistance to shoek 
and abrasion are required 

The detailed results of this investigation are given in Bureau of Mines 
Technical Paper 418, ‘‘ Electric Furnace Cast Iron.’’ 
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